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Estimation of the Thermodynamic Properties of Hydrocarbons at 298.15 K 
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An estimation method developed by S.W. Benson and coworkers, for calculating 
the thermodynamic properties of organic compounds in the gas phase, has been 
extended to the liquid and solid phases for hydrocarbon compounds at 298.15 K. 
The second order approach which includes nearest neighbor interactions has been 
applied to the condensed phase. A total of 1311 comparisons are made between 
experimentally determined values and those calculated using additive group values. 
Of the 559 comparisons given for the enthalpy of formation (ArHO) in the gas, 
liquid, and solid phases, the average difference (residual), without regard to sign, is 
2.6 kJ/mol. The average differences for 390 comparisons for the heat capacity 
(Cp 0) and 352 comparisons for the entropy (SO) in the three phases are 1.9 and 2.3 
J/mol·K, respectively. The good agreement between experimental and calculated 
values shows that the Benson group additivity approach to the estimation of ther
modynamic properties of organic compounds is applicable to the liquid and solid 
phases as well as the gas phase. Appendices provide example calculations of the 
thermodynamic properties of selected hydrocarbon compounds, total symmetry 
numbers, and methyl repulsion corrections. Most of the 144 references listed offer 
an indication of the activity in the development of estimation methods for calculat
ing thermodynamic properties since 1931. 

Key words: condensed phase; enthalpy of formation; entropy; estImation methods; gas phase; heat 
capacity; hydrocarbons; thermodynamic properties. 
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1. Introduction 

For many years, thermodynamicists have been active 
in the development of numerical methods which corre
late molecular structure and sub-structure with a corre
sponding energy contribution to a thermodynamic 
property. Some indication of this activity can be found 
by examining the 144 references at the end of this paper 
which primarily cover estimation methods and also iden
tify some important reference sources of evaluated ther
modynamic properties of hydrocarbon and related 
compounds. A variety of estimation schemes have 
emerged which demonstrate that good agreement can be 
achieved between calculated and experimentally mea
sured thermodynamic properties. Of the estimation 
schemes which have been developed, the one put to
gether by S.W. Benson and coworkers (58BEN/BUS, 
68BEN, 69BEN/CRU, 69SHA, 71SHA, 73EIG/GOL, 
76BEN. 77LUR/BEN, 77SHA/GOL, and 77STE/ 
GOL) has the most desirable characteristics and appears 
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to be generally acceptable to scientists within and be
tween the disciplines of physical chemistry and chemical 
engineering. The attractive features of the Benson ap
proach consist of simple additivity, 'clarity of notation, 
second order character, i.e., inclusion of nearest-neigh
bor interactions, ease of application, and satisfactory 
agreement between the estimated thermodynamic prop
erty and its experimentally determined value. Initially, 
focus was directed toward estimation of thermodynamic 
properties of organic compounds in the gas phase. The 
development of numerical methods oriented toward esti
mation of thermodynamic properties in the condensed 
phase has also been reported (69SHA, 71SHA, 77LUR/ 
BEN), but primary attention has usually been placed 
upon gas phase processes. The estimation procedure de
veloped by Henson and coworkers has been adopted into 
CHET AH, the ASTM Chemical Thermodynamic and 
Energy Release Evaluation Program (74SEA/FRE), for 
the estimation of thermodynamic properties of organic 
compounds in the gas phase and for the classification of 
chemical compounds or compositions according to 
whether they are likely to be impact sensitive. 

The purpose of this paper is to extend the Benson 
group contribution values to the liquid and solid phases 
for hydrocarbon compounds, and when possible, to 
provide improved group contribution values for the gas 
phase. The thermodynamic properties at 298.15 K con
sidered are: enthalpy of formation, heat capacity, and 
entropy. The approach taken in the evaluation of data 
and in the development of group values consisted of cal
culating and examining group increments in a systematic 
manner. This procedure was followed by the selection of 
group values which appeared to give minimum residuals 
between the calculated and experimental values. The de
velopment of groups and group values followed the path 
from alkanes to alkenes, alkynes, aromatic hydrocarbons, 
cycloalkanes, and other hydrocarbon derivatives. A 
global least squares, least sums, or regression-type fit of 
all the group values was not carried out because of dif
ferences in the quality of the data and because of the 
minimal amount of data available for certain group val
ues. Computations were performed using a conventional 
desk-top electronic calculator. It is expected that the re
sults we obtained are approximately equivalent to what 
would have been derived from a weighted regression 
analysis. 

A companion document, 89DOM/HEA, is in prepara
tion which describes a database and algorithm for calcu
lating the enthalpy of formation, heat capacity, and 
entropy at 298.15 K of 1311 hydrocarbon compounds in 
the gas, liquid, and solid phases. The database includes 
the group contribution values used by the algorithm, the 
corresponding experimental and calculated data for the 
enthalpy of formation, heat capacity, and entropy of the 
hydrocarbon compounds, and the differences or residu
als which result. The document, 89DOM/HEA, is also 
available on diskette and contains an interactive program 
which allows the user to carry out the calculation of the 
enthalpy of formation, heat capacity, or entropy for any 
hydrocarbon compound based on the assembly of the 
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2.2. Substituted Alkanes 

Tables 6 through 11 compare the experimental and 
calculated values for substituted or branched alkanes for 
AfHo, Cp 0, and So at 298.15 K. During the evaluation of 
data on the enthalpies of formation of substituted alka
nes, the Benson approach was modified for the treatment 
of gauche isomers. A new treatment was developed 
which corrects for the repulsive interaction of hydrogen 
atoms on methyl groups attached to tertiary or quater
nary carbon atoms. A group value was assigned to a 
tertiary or quaternary carbon along with a group value 
for the number of methyl groups attached to the tertiary 
or quaternary carbon. For example, AfHo for 2-methyl
propane required 3 methyl repulsion correction values, 
2-methylbutane required 2 methyl repulsion correction 
values, 3-methyl-pentane required 1 methyl repulsion 
correction value, and 3-ethyl- pentane needed no correc
tion of this kind. ArHo for the gas phase for these 
molecules is shown in the sample calculations below. 

A similar rationale was applied to the methyl repulsion 
correction for a quaternary carbon atom. Molecules with 
quaternary carbon atoms which corresponded to the 
examples above were 2,2-dimethylpropane, 2,2-
dimethylbutane, 3,3-dimethylpentane, 3-ethyl-3-methyl
pentane, and 3,3-diethylpentane and required 4, 3, 2, 1, 
and 0 methyl repulsion correction values, respectively, 
in the calculation of AfHo at 298.15 K. In addition, dif
ferent methyl repulsion correction values were required 
for quaternary carbon atoms which had a tertiary carbon 
atom adjacent to it and another such correction when an 
alkane had two quaternary carbon atoms in its structure. 
These additional methyl repulsion corrections have been 
developed for AfHo in the gas and liquid phases, but not 
for the solid phase due to a lack of precise data on solid 
hydrocarbon compounds having the appropriate struc
tures. The introduction of the methyl repulsion correc
tion values was made because of the significant 
reduction observed in the differences in the experimental 
and calculated values for hydrocarbon compounds hav
ing tertiary and/or quaternary carbon atoms and because 
it appears simpler in both concept and application to the 
gauche correction developed earlier. Some further ex
amples of the methyl repulsion corrections are provided 
in Appendix C. 

Although the notion of methyl repulsion interactions 
in the arrays of data on Cp ° and So for substituted alka
nes was examined carefully, correction terms did not 
emerge which brought about a reduction in the magni
tude of the residuals for these hydrocarbons. 

Among the substituted alkanes shown in Tables 6 
through 11 for all three phases, 215 comparisons were 
made between experimental and calculated values. In the 
gas phase, out of a total of 117 comparisons, 101 show 
residuals of less than or equal to 4.0 kJ/mol for AfHo and 
less than or equal to 4.0 J/mol·K for C/ and SO. In the 
liquid phase, 77 comparisons are listed. Of these, 42 
"how residuals of less than or equal to 4.0 kJ/mol for 
A,II- land leRM than or equal to 4.0 J/mol·K for Cp ° and 
S·, In tht" "ulid phosc. out of 19 comparisons for AfHo, 17 

J, ",yeo Onem, ".'. d.' •• Vol, 17. No .•• 1011 

are less than or equal to 4.0 kJ/mol. Comparisons of Cp ° 

and So for solid substituted alkanes are virtually nonexis
tent. Experimental data are needed on key substituted 
alkanes to assist in the estimation of other family mem
bers. 

2-Methylpropane 
CH3 

"" CHr CH-CH3 

Enthalpy of formation (gas phase) 

No. of Group Group value 
groups 

3 C-(C)(H)3 -42.26 

1 C-(C)J(H) -1.17 
3 -CH3 corr -2.26 

Sum (kJ Imol) 

-126.73 
-1.17 
-6.78 

-134.73 

Compare with experimental value: -134.18 kJ/mol (51PRO/MAR, 
86PED/NA Y). 

Compare with estimated value from 76 DEN; -135.98 kJ/mol. 

2-Methylbutane 
CH3 

"" CHr CH-CH2-CH3 

Enthalpy of formation (gas phase) 

No. of Group Group value 
groups 

3 C-(C)(H)l -42.26 
1 C-(CMHh -20.63 
1 C-(C)3(H) -1.17 
2 -CH3 corr -2.26 

Sum (kJ/mol) 

-126.78 
-20.63 
-1.17 
-4.52 

-153.10 

Compare with experimental value:-153.68 kJ/mol (70GOO, 
86PEDINA Y). 

Compare with estimated value from 76BEN: -153.26 kJ/mol. 

3-Methylpentane 
CH3 

"" CH3-CH2-CH-CH2-CH3 

Enthalpy of formation (gas phase) 

No. of Group Group value 
groups 

3 C-(C)(H)3 -42.26 
2 C-(CMH)2 -20.63 

C-(C)3(H) -1.17 
-CH3 corr -2.26 

Sum (kJ/mot) 

-126.78 
-41.26 
-1.17 
-2.26 

-171.47 

Compare with experimental value: -172.09 kJ/mol (41PROI 
ROS, 86PED/NA Y). 

Compare with estimated value from 76BEN: -:-170.54 kJ/mol. 
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solid phase, 57 out of 97 comparisons had residuals of 4.0 
kJ/mo} or less for arHo, or 4.0 J/mol·K or less for C/ 
and So. 

The experimental values for Cp ° and So for benzene in 
the solid phase at 298.15 K which appeared in Table 23, 
were obtained by linear extrapolation of the data on the 
solid phase from the melting point to room temperature. 
Note that separate corrections were applicable for ortho 
substitution in the gas phase for C/ and So for naph
thalene. 

The experimental enthalpies of formation, heat capac
ities, and entropies of I-methylnaphthalene and 2-
methylnaphthalene in the gas, liquid, and solid phases 
have been based upon the data of 56MIL/BEC, 
57MCC/FIN, 60SPE/ROS, and 74SAB/CHA. Al
though actual differences of 2.97, -0.39, and -0.58 kJ/ 
mol can be calculated between the experimental 
enthalpies of formation of I-methylnaphthalene and 2-
methylnaphthalene for the gas, liquid, and solid phases, 
respectively, no correction to the calculated values has 
been applied because the experimental uncertainties in 
afHo for an isomer can be difficult to evaluate and the 
corresponding uncertainties for the calculated differ
ences in D,.rHo between isomers can become large. 

2.7. Cycloalkanes and Related Hydrocarbons 

The corrections listed in Table 2 are applicable to cy
cloalkanes and related compounds reflect the magnitude 
of the internal ring strain imposed for a given size ring. 
Note that somewhat different ring corrections were ap
plied to substituted versus unsubstituted values for cy
clopentane, cyclopentene, and cyclohexane. 

Tables 24, 25, and 26 give comparisons between the 
experimental and calculated values f01- cycloalkaues, 
substituted cycloalkanes, and related compounds in the 
gas, liquid, and solid phases, respectively, for D,.rHo, Cp 0, 

and So at 298.15 K. A total of 273 comparisons were 
made. Among the three phases, unsubstituted cycloalka
nes showed equivalence between the experimental and 
calculated values, i.e., zero residual, since the ring cor
rections are derived from the differences which are 
found between the experimental and "strain-free" values. 
A total of 129 comparisons were made which gave zero 
residuals. For substituted cycloalkanes, a total 144 com
parisons were made. In the gas phase, 44 out of 66 com
parisons had residuals of 4.0 kJ Imol or less for D,.rHo and 
4.0 J/mol·K or less for Cp ° and So. In the liquid phase, 50 
out of 68 comparisons showed residuals of 4.0 kJ/mol or 
less for ArH o

, or 4.0 J/mol·K or less for C/ and So. 

3. Symmetry Numbers and Entropy 

In the calculation of the entropy of a gaseous 
molecule, it is important that proper symmetry contribu
tions imposed by the presence of certain structural fea
tures are accounted for. Molecular symmetry is not a 
factor in the additive summation of group values in the 
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calculation of the enthalpy of formation or heat capacity, 
but it does influence the calculation of the entropy of a 
compound in the gas phase in a manner which is not 
simply additive. In order to implement the contribution 
to the entropy of a compound because of symmetry fea
tures, the actual or real entropy, So, is divided into two 
parts: 

(1) intrinsic entropy, SO(group), which is the entropy 
contribution determined by adding the group val
ues for the entropy of the structural parts of the 
compound; and, 

(2) symmetry-related entropy, S ° (sym), which is the 
entropy contribution determined from the symme
try features of the compound as a whole. 

Hence, So = SO(group) + SO(sym). The symmetry-re
lated entropy is in turn divided into two parts: 

(1) entropy due to optical isomerism in the molecule, 
SO(opt); and, 

(2) entropy from the total symmetry number of the 
molecule, SO(tot), which is a reflection of how 
symmetrical the molecule is. 

It therefore follows that: SO(sym) SO(opt) + 
SO(tot), or SO(sym) = R In N(opt) + R In N(tot), 
where R is the gas constant, N(opt) is the number of 
optical isomers, N(tot) is the total symmetry number, 
and In is the natural logarithm. Note that R In N(opt) is 
a positive quantity and that R In N(tot) is a negative 
quantity in the summation of the actual entropy, So. 

One of the ways in which a molecule may exhibit opti
~al isomel-isUl u~curs w hell its minor image cannot be 
superimposed upon itself as a result of simple molecular 
rotations. Such mirror images are called enantiomers and 
are said to be chiral. The two enantiomers have identical 
physical properties except for their interaction with 
transmitted polarized light. Other elements of optical 
isomerism require consideration in the calculation of 
R In N(opt), and discussions can be found in textbooks 
on organic chemistry and stereoisomerism. 

A discussion of how to calculate the total symmetry 
number as well as several sample calculations for se

lected hydrocarbon compounds is given in Appendix D. 
Any of the tables which show gas phase comparisons 
between experimental and calculated entropies, also con
tains a column entry on the extreme right giving the 
value for N(tot) for that hydrocarbon molecule. 

4. Summary and Conclusions 

A series of group contribution values has been devel
oped which permits the estimation of the enthalpy of 
formation, heat capacity, and entropy at 298.15 K for 
hydrocarbon compounds in the gas, liquid, and solid
phases. The set of group values which has been pro-





1644 E_ S_ DOMAlSKI AND E_ D_ HEARING 

45WAG/KIL Wagman, D. D., Kilpatrick, J. E., Pitzer, K. S., and 
Rossini, F. D., "Heats, Equilibrium Constants, and 
Free Energies of Formation of the Acetylenic 
Hydrocarbons through the Pentynes, to 1,500 K", J. 
Research NBS 35, 467-496 (1945). 

46AST /FIN Aston, J. G., Fink, H. L., Bestul, A. B., Pace, E. L., 
and Szasz, G. J., "The Heat Capacity and Entropy, 
Heats of Fusion and Vaporization and Vapor 
Pressure of I-Butene", J. Am. Chern. Soc. 68, 52-62 
(1946). 

46TAY/WAG Taylor, W. J., Wagman, D. D., Williams, M. G., 
Pitzer, K. S., and Rossini, F. D., "Heats, Equilibrium 
Constants, and Free Energies of Formation of the 
Alkylbenzenes", J. Research NBS 37, 95-122 (1946). 

47BREITHO Bremner, J. G. M., and Thomas, G. D., "The 
Calculation of Resonance Energies from Thermal 
Data", Trans. Faraday Soc. 43, 338-341 (1947). 

47BREITHO 2 Bremner, J. G. M., and Thomas, G. D., "The 
EAtc::u:siuu uf Thermodynamic Values from the 
Aliphatic to the Aromatic Series", Trans. Faraday 
Soc. 43, 779-785 (1947). 

47JOH/PRO Johnson, W. H., Prosen, E. J., and Rossini, F. D., 
"Heats of Combu5tioll uf SiA NUllallC::s", J. Rc::sc::arch 
NBS 38, 419-422 (1947). 

48BREITHO Bremner, J. G. M., and Thomas, G. D., "The 
Standard Free Energies of Formation of Gaseous 
Organic Compounds; A Group Method of 

Summation", Trans. Faraday Soc. 44, 230-238 (1948). 
49FRA Franklin, J. L., "Prediction of Heat and Free 

Energies of Organic Compounds", Ind. Eng. Chern. 
41, 1070-1076 (1949). 

49KLA Klages, F., "Improvement in the Additive 
Calculation of Heats of Combustion and the 
Mesomeric Energy from Heats of Combustion", Ber. 
82, 358-375 (1949). 

49S0U/MAT Souders, M., Jr., Matthews, C. S., and Hurd, C. 0., 
"Relationship of Thermodynamic Properties to 
Molecular Structure. Heat Capacities and Heat 
Contents of Hydrocarbon Vapors", Ind. Eng. Chern. 
41, 1037-1048 (1949). 

49S0U/MAT 2 Souders, M., Jr., Matthews, C. S., and Hurd, C. 0., 
"Entropy and Heat of Formation of Hydrocarbon 
Vapors", Ind. Eng. Chern. 41, 1048-1056 (1949). 

51PRO/MAR Prosen, E. J., Maron, F. W., and Rossini, F. D., 
"Heats of Combustion and Isomerization of Ten C4 

Hydrocarbons", J. Research NBS 46, 106-112 (1951). 
51VAN/CHE Van Krevelen. D. W., and Chermin, H. A. G., "Esti

mation of the Free Enthalpy (Gibbs Free Energy) of 
Formation of Organic Compounds from Group 
Contributions", Chern. Eng. Sci. 1, 66-80 (1951). 

52SCO/DOU Scott. D. W .. DousHn. D. R.o Gro!t~. M. F.., 01ivpr, 
G. D., and Huffman, H. F., "2,2,3,3-Tetramethyl
butane: Heat Capacity, Heats of Transition, Fusion, 
and Sublimation, Vapor Pressure, Entropy and 
Thermodynamic Functions", J. Am. Chern. Soc. 74. 
883-887 (1952). 

53RAT/GWI Rathjens, G. W., Jr., and Gwinn, W. D., "Heat 
Capacities and Entropy of CycIobutane", J. Am. 
Chern. Soc. 75, 5629-5633 (1953). 

53ROS/PIT Rossini, F. D., Pitzer, K. S., Arnett, R. L., Braun, R. 
M., and Pimentel, G. C., "Selected Values of Physical 
and Thermodynamic Properties of Hydrocarbons and 
Related Compounds" (Carnegie Press, Pittsburgh, 
Pa. 1953). 

54FIN/GRO Finke, H. L., Gross, M. E., Waddington, G., and 
Huffman, H. M., "Low Temperature Thermal Data 
for the Nine Normal Paraffin Hydrocarbons from 
Octane to Hexadecane", J. Am. Chem. Soc. 76, 
333-341 (1954). 

J. Phy •. Chem. Ref. Data, Vol. 17, No.4, 1988 

55TAY/KIL Taylor, R. D., and Kilpatrick, J. E., "Entropy, Heat 
Capacity, and Heats of Transition of 1,3,5-
Trimethylbenzene", J. Chern. Phys. 23, 1232-1235 
(1955). 

56HAN Handrick, G. R., "Heats of Combustion of Organic 
Compounds", Ind. Eng. Chern. 48, 1366-1374 (1956). 

56LAI Laidler, K. J., "A System of Molecular Thermo
chemistry for Organic Gases and Liquids", Can. J. 
Chern. 34, 626-648 (1956). 

56MILIBEC Milligan, D. E., Becker, E. D., and Pitzer, K. S., 
"Thermodynamic Functions of Alkylnaphthalenes 
from 298 to 1500 K", J. Am. Chern. Soc. 78, 
2707-2711 (1978). 

57GAM Gambill, W. R., "You Can Predict Heat Capacities", 
Chern. Eng. 64, May, 263-268 (1957). 

57GAM 2 Gambill, W. R., "You Can Predict Heat Capacities", 
Chern. Eng. 64, June, 243-248 (1957). 

57GAM 3 Gambill, W. R., "Predict Liquid Heat Capacities", 
Chern. Bng. 64, July, 263-268 (19:57). 

57GAM 4 Gambill, W. R., "Equations Give Liquid Heat 
Capacities", Chern. Eng. 64, August, 257-258 (1957). 

57GAM 5 Gambill, W. R., "Generalized Gas Heat Capacities", 
Chc::m. Eng. 64, Octubc::r, 283-288 (1957). 

57JOHIHUA Johnson, A. I., and Huang, C. J., "Estimation of 
Ideal-Gas Heat Capacities of Hydrocarbons", Can. J. 
TechnoI. 34, 405-409 (1957). 

S7MCC/FIN McCullough, J. P., Pioke, II. L., 01-055, M. E., 

Messerly, J. F., and Waddington, G., "Low 
Temperature Calorimetric Studies of Seven 1-0Iefms: 
Effect of Orientational Disorder in the Solid State", 
J. Phys. Chern. 61, 289-301 (1957). 

58BEN/BUS Benson, S. W., and Buss, J. H., "Additive Rules for 
the Estimation of Molecular Properties. Thermody
namic Properties", J. Chern. Phys. 29,546-572 (1958). 

58GRE/ROS Greenshields, J. B., and Rossini, F. D., "Molecular 
Structure and Properties of Hydrocarbons and Rela
ted Compounds", J. Phys. Chern. 62, 271-280 (1958). 

59ALL Allen, T. L., "Bond Energies and the Interactions 
between Next-Nearest Neighbors. I. Saturated 
Hydrocarbons, Diamond, Sulfanes, S8, and Organic 
Sulfur Compounds", J. Chern. Phys. 31, 1039-1049 
(1959). 

590TH/ZUD Othmer, D. F., and Zudkevitch, D., "Correlating 
Latent Heats and Entropies of Vaporization with 
Temperature", Ind. Eng. Chern. 51, 791-796 (1959). 

59SCH Schaefgen, J. R., "Estimation of the Heat and 
Entropy of Fusion of Some Polyhydrocarbons". 1. 
Polymer Sci. 38, 549-552 (1959). 

6OSPEIROS Speros, D. M., and Rossini, F. D., "Heats of 
Combustion and Formation of Naphthalene, the two 
Methylnaphthalenes. cis- and trans-Decahydro
naphthalene, and Related Compounds", J. Phys. 
Chern. 64, 1723-1727 (1960). 

60TATIPAP Tatevskii, V. M., and Papulov, Yu. G., "Relationship 
between the Energy of Formation of a Molecule from 
its Atoms and its Structure. I. Energy of a Molecule 
as the Sum of Energies of its Chemical Bonds", Zhur. 
Fiz. Khim. 34, 241-258 (1960). 

60TATIPAP 2 Tatevskii, V. M., and Papulov, Yu. G., "Relationship 
between the Energy of Formation of a Molecule from 
its Atoms and its Structure. II. Energy of a Molecule 
as the Sum of Energies of Interaction between Pairs 
of Atoms", Zhur. Fiz. Khim 34,489-504 (1960). 

60TAT/PAP 3 Tatevskii, V. M., and Papulov, Yu. G., "Relationship 
between the Structure of a Molecule and its Energy 
of Formation from its Atoms. III. Other Methods of 
Considering the Relationship between the Energy 
and Structure of a Molecule", Zhur. Fiz. Khim. 34, 
708-715 (1960). 

61MCC/GOO McCullough, J. P., and Good, W. D., "Correlation of 
the Heat of Formation Data for Organic Sulfur 
Compounds", J. Phys. Chern. 65, 1430-1432 (1961). 





1646 E. S. DOMALSKI AND E. D. HEARING 

74HER Herndon, W. C., "Thermochemical Parameters for 
Benzenoid Hydrocarbons", Thermochim. Acta 8, 
225-237 (1974). 

74JOS Joshi, R. M., "Bond Energy IGroup Contribution 
Methods of Calculating the Standard Heat of Forma
tion: Development of a New Generalized Bond
Energy Scheme for Monomers and Polymers. Part 
IV. Halocarbons", J. Macromol. Sci. -Chern. A8, 861-
885 (1974). 

74MAN Mansson, M., "A Calorimetric Study of peri-Strain in 
1,8-Dirnethylnaphthalene and 1,4,5,8-Tetramethyl
naphthalene", Acta Chern. Scand. 28B, 677-680 
(1974). 

74SAB/CHA Sabbah, R., Chastel, R., and Laffitte, M., "Etude 
Thermochimique des Methylnaphthalenes", Ther
mochim. Acta 10, 353-358 (1974). 

74SEA/FRE Seaton, W. H., Freedman, E., and Treweek, D. N., 
American Society for Testing and Materials, ASTM 
Data Series Publication DS 51, "CHET AH - The 
ASTM Chemical Thermodynamic and Energy 
Release Evaluation Program" (ASTM, 1916 Race 
St., Philadelphia, PA 19103, 1974). 

74SUM/ZWU !Sornayajulu, G. R., and Zwolinski, B. J., "General
ized Treatment of Alkanes. Part 3. Triatomic Addi
tivity", J. Chern. Soc., Faraday Trans. 2, 70, 967-972 
(1974). 

74S0M/ZWO 2 Somayajulu, G. R., and ZWOlinski, ii. J., "lieneral
ized Treatment of Alkanes. Part 4. Triatomic Addi
tivity Applications to Substituted Alkanes", J. Chern. 
Soc., Faraday Trans. 2, 70, 973-993 (1974). 

74S0M/ZWO 3 Somayajulu, G. R., and Zwolinski, B. J., "General
ized Treatment of Aromatic Hydrocarbons. Part I. 
Triatomic Additivity to Parent Aromatic Hydrocar
bons", J. Chern. Soc., Faraday Trans. 2, 71, 1928-1941 

75JOS 

75SHA 

(1974). 
Joshi, R. M., "Bond Energy/Group Contribution 
Methods of Calculating the Standard Heat of Forma
tion: Development of a New Generalized Bond
Energy Scheme for Monomers and Polymers. Part V. 
Oxygen Compounds", J. Macromol. Sci. -Chern. A9, 
1309-1383 1975). 
Shaw, R., "Thermochemistry of Hydrazo, Azo, and 
Azoxy Groups", Chapter 3 in The Chemistry of the 
Hydrazo, Azo, and Azoxy Groups, Part 1, edited by 
Saul Patai (John Wiley & Sons, Inc., Chichester, 
1975). 

76AND/MAR Andon, R. J. L., and Martin, J. P., "Thermodynamic; 

Properties of Hexacosane", J. Chern. Thermodynam
ICS 8, 1159-1166 (1976). 

76BEN Benson, S. W., "Thermochemical Kinetics", Second 
Edition, (J. Wiley & Sona, Inc., New York, 1976). 

77LUR/BEN Luria, M., and Benson, S. W., "Heat Capacities of 
Liquid Hydrocarbons. Estimation of Heat Capacities 
at Constant Pressure as a Temperature Function, 
using Additivity Rules", J. Chern. Eng. Data 22,90-
100 (1977). 

77PED/RYL Pedley, J. B., and Rylance, J., "Sussex - Computer 
Analysed Thermochemical Data: Organic and 
Organometallic Compounds", (University of Sussex, 
School of Molecular Sciences, Falmer, Brighton, U. 
K., 1977). 

77REI/PRA Reid, R. C., Prausnitz, J. M., and Sherwood, T. K., 
"The Properties of Gases and Liquids", Third Edi
tion, (McGraw-Hill Book Co., 1977). 

77SHA/GOL Shaw, R., Golden, D. M., and Benson, S. W., "Ther
mochemistry of Some Six-Membered Cyclic and 
Polycyclic Compounds Related to Coal", J. Phys. 
Chern. 81, 1716-1729 (1977). 

J. Phy •. Chem. Ref. Data, Vol. 17, No.4, 1988 

77STE/GOL Stein, S. E., Golden, D. M., and Benson, S. W., "Pre
dictive Scheme for Thermochemical Properties of 
Polycyclic Aromatic Hydrocarbons", J. Phys. Chern. 
81, 314-317 (1977). 

78SEL/STR Sellers, P., Stridh, G., and Sunner, S., "An Examina
tion of the Constancy of the CH2 Increment in 
Homologous Series", J. Chern. Eng. Data, 23, 250-
255 (1978). . 

78SHA Shaw, R., "Thermochemistry of Acetylenes", Chap
ter 3 in The Chemistry of the Carbon-Carbon Triple 
Bond, Part 1, edited by Saul Patai (John Wiley & 
Sons, Inc., Chichester, 1978). 

79DA V Davidson, I. M. T., "Enthalpies of Formation of 
Silanes", J. Organometal. Chern. 170, 365-372 (1979). 

79JOS Joshi, R. M., "Bond Energy Scheme for Estimating 
Heats of Formation of Monomers and Polymers. Part 
VI. Sulfur Compounds", J. Macromol. Sci. -Chern. 
A13, 1015-1-44 (1979). 

80DUC/GRU Ducros, M., Gruson, J. F., and Sannier, H., "Estima
tion des Enthalpies de Vaporisation des Composes 
Organiques Liquides. Partie 1. Aplications aux 
Alcanes, Cycloalcanes, Alcenes, A1canes, Thiols, 
Chloro et Bromoalcanes, Nitriles, Esters, Acides et 
Aldehydes", Thermochim. Acta 36, 39-65 (1980). 

81HOLIFIN Holmes, J. L., Fingas, M., and Lossing, F. P., "To
wards a General Scheme for Estimating the Heats of 
t'ormatlon of Urgamc Ions 10 the Gas Phase. Part 1. 

Odd-electron Cations", Can. J. Chern. 59 80-93 
(1981). 

81LEV Levanova, S. V., "Use of Additivity Schemes for 
Calculating Thermodynamic Functions of Haloalke
nes", Izv. Vyssh. Uchebn. Zaved. Khim. Khim. 
Tekhnol. 24, 1213-1216 (1981). 

810NE/RIN O'Neal, H. E., and Ring,M. A., "An Additivity 
Scheme for the Estimation of Heats of Formation, 
Entropies, and Heat Capacities of Silanes, Polysi
lanes, and their Alkyl Derivatives", J. Organometal. 
Chern. 213, 419-434 (1981). 

81STE/BAR Stein, S. E., and Barton, B. D., "Chemical Thermo
dynamics of Polyaromatic Compounds containing 
Heteroatoms and Five-Membered Rings", Ther
mochim. Acta 44, 265-281 (1981). 

82COXI ANG Cox, J. D., Angus, S., Armstrong, G. T., Freeman, R. 
D., Laffitte, M., Schneider, G. M., Somsen, G., 
Alcock, C. B., and Gilles, P. W., (Task Group), IU
PAC, Phys. Chern. Div., Comm. on Thermodynam
ic;s, "Notation for States and Processes, Significance 

of the Word Standard in Chemical Thermodynamics, 
and Remarks on and Remarks on Commonly Tabu
lated Forms of Thermodynamic Functions", Pure & 
Appl. Chern. 54, 1239-1250 (1982). 

82CHU/NGU Chu, J. Y., Tam T. Nguyen, and King, K. D., "Group 
Additivity Parameters for the Estimation of Thermo
chemical Properties of Gaseous and Liquid Nitriles", 
J. Phys: Chern. 86, 443-447 (1982). 

82JOS Joshi, R. M., "Bond Energy Scheme for Estimating 
Heats of Formation of Monomers and Polymers. Part 
VII. Nitrogen Compounds", J. Macromol. Sci. 
-Chern. A18, 861-911 (1982). 

82KIZ/LEB Kizin, A. N., and Lebedev, Yu. A., "Calculation of 
Enthalpies of Formation of Polysubstituted Aliphatic 
Compounds in the Solid Phase", Doklady Akad. 
Nauk SSSR 262, 914-917 (1982). 

82WAG/EV A Wagman, D. D., Evans, W. H., Parker, V. B., 
Schumm, R. H., Halow, I., Bailey, S. M., Churney, 
K. L., and Nuttall, R. N., "The NBS Tables of Chem
ical Thermodynamic Properties. Selected Values for 
Inorganic and C1 and C2 Organic Substances in SI 
Units", J. Phys. & Chern. Ref. Data 11, Supplement 
No.2, 392 pp. (1982). 



ESTIMATION OF THE THERMODYNAMIC PROPERTIES OF HYDROCARBONS 1647 

83AND/ ANT Andreevskll, D. N., Antonova, Z. A, and Radyuk, 
V. I., "Increments in the Thermodynamic Properties 
for Halogenoalkanes", Zhur. Fiz. Khim. 57, 837-841 
(1983). 

83AND/ ANT 2 Andreevskli, D. N. and Antonova, Z. A., "Estimation 
of the Thermodynamic Properties of Polyhalogeno
ethanes and Polyhalogenoethylenes. II. Entropies and 
Heat Capacities", Zhur. Fiz. Khim. 57, 2202-2205 
(1983). 

83KOH Kohli, R, "Heat Capacity and Thermodynamic 
Properties of Alkali Metal Compounds. II. Estima
tion of the Thermodynamic Properties of Cesium and 
Rubidium Zirconates", Thermochim. Acta 65, 285-
293 (1983). 

83KOH Kohli, R., "Heat Capacity and Thermodynamic 
Properties of Alkali Metal Compounds. II. Estima
tion of the Thermodynamic Properties of Cesium and 
RubidIUm Zirconates", Thermochim. Acta 65, 285-
293 (1983). 

83LA V /SKO Lavygm, I. A., and Skorokhodov, 1. 1., "An AddItive 
Method for the Estimation of the Heats of Vaporiza
tion of Organosihcon Compounds", Zhur. Fiz. Khim. 
57, 1044-1045 (1983). 

84DOM/EVA DomalskI, E. S., Evans, W. H., and Heanng, E. D., 
"Heat Capacities and Entropies of Organic Com
pounds in the Condensed Phase", J. Phys. & Chern. 
Ref. Data 13, Supplement No.1, 286 pp., (1984). 

85HIS/BEN Hlsham, M. W. M. and Benson, S. W., "Empirical 
Relattons between the Heats of Formation of the Dif
ferent Valence States of Solid Polyvalent Metal Ox
ides", J. Phys. Chern. 89, 1905-1909 (1985). 

85HIS/BEN 2 Hlsham, M. W. M. and Benson, S. W., "Correlations 
of Heats of Formation of Different Valency States of 
SolId, Polyvalent Binary Metal Compounds", J. 
Phys. Chern. 89, 3417-3425 (1985). 

86CAR Cardozo, R. L , "PredictIon o( the Enthalpy of Com
bustIOn of Organic Compounds", AIChE Journal 32, 
844-847 (1986). 

86HIS/BEN Hisham, M. W. M. and Benson, S. W., "Thermo
chemistry of Inorganic Sohds. 3. Enthaiples of For
mation of SolId Metal OxyhalIde Compounds", J. 
Phys. Chern. 90, 885-888 (1986). 

86MAR Marsh, K. N., et al., "Selected Values of Hydrocar
bons and Related Compounds", Thermodynamics 
Research Center, Texas A & M Umversity, College 
Station, TX (loose-leaf data sheets, extant 1986). 

86PED/NA Y Pedley, J B., Naylor, R. D., and Kirby, S. P., "Ther
mochemIcal Data of Organic Compounds", Second 
EdItion, (Chapman and Hall, London and New York, 
1986). 

87HIS/BEN Hisham, M. W. M. and Benson, S. W., "Thermo
chemistry of Inorganic SolIds. 5. Empirical Relations 
among Enthalpies of Formation of OXides, Carbon
ates, Sulfates, Hydroxides, and NItrates", J. Chern 
Eng. Data 32, 243-247 (1987). 

87CHI/ ANN Chlckos. J. S .. AnnunZiata. R .. Ladon. L. H .. Hyman. 
A. S., and Liebman, J. F., "EstImating Heats of Subli
mation of Hydrocarbons. A SemIempIrical Ap
proach", J. Org. Chern 51, 4311-4313 (1987). 

87REI/PRA ReId, R. C., Prausnitz, J. M., and Pohng, B. E., "The 
Properties of Gases and LIqUIds", Fourth Edition, 
(McGraw-Hill Book Co., 1987). 

89DOM/HEA Domalski, E. S., and Heanng, E. D., "Thermody
namic Properties of Organic Compounds at 298.15 K. 
I. Estimation Algonthm and Database for over 1300 
Hydrocarbon Compounds", NBS Techmcal Note (m 
preparation), 1989. 



1648 E. S. DOMALSKI AND E. D. HEARING 

Appendix A. Example Calculations of 
Enthalpy of Formation, Heat Capacity, 

and Entropy at 298.15 K for Some 
Hydrocarbon Compounds 

n-Hexane 

CH3-CH2-CH2-CH2-CH2-CH3 

Enthalpy of formation (gas phase) 

No. of 
groups 

2 
4 

Group 

C-(C)(H)3 
C-(C)2(IIh 

Group value 

-42.26 
-20.63 

Sum (kJ/mol) 

-84.52 
-82.52 

167.04 

Compare wIth experimental value; -167.11 kJ/mol (44PROIROS, 

69GOO/SMI, 86PEDINA Y). 

2-Methylhexane 

CH3 

'" CH-CH2-CHr CH2-CH3 
/ 

CH3 

Enthalpy of formation (liquid phase) 

No. of Group Group value 
groups 

3 C-(C)(H)3 -47.61C 
3 C-(CMH)2 -25.73 

C-(C)3(H) -4.77 
2 -CH3 corr -2.18 

Sum (kJ Imol) 

-142.83 
-77.19 
-4.77 
-4.36 

-229.15 

Cumpan:: with experimental value: -229.49 kJ/mul (4.5PRO/ROS 

2, 86PEDINA Y). 

2,2,4,4-Tetramethylpentane 

CH3 CH3 

'" / CH3-C-CH2-C-CH3 

/ '" CH3 CH3 

Enthalpy of formation (liquid phase) 

No. of Group Group value 
groups 

6 C-(C)(H)3 -47.61 
C-(CMH)2 -25.73 

2 C-(C)4 17.99 
6 -CH3 corr -0.64 

Sum (kJ/mol) 

-285.66 
-25.73 

35.98 
-3.84 

-279.25 

Compare with experimental value: -279.99 kJ/mol (47JOH/PRO, 
86PED/NA Y). 
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trans-4,4-Dimethylpentene-2 

CH3 H 

'" / C=C CH3 
/ ",/ 

H C-CH3 
\ 
CH3 

Enthalpy of formation (liquid phase) 

No. of Group Group value 
groups 

3 C-(C)(H)3 -47.61 
C-(Cd)(H)3 -47.61 

2 Cd-(C)(H) 31.05 
1 C-(Cd)(C)3 20.79 
3 -CH3 corr -4.39 

Sum (kJ/mol) 

-142.83 
-47.61 

62.10 
20.79 

-13.17 

-120.72 

Compare with experimental value: -121.71 kJ/mol (61ROCI 
ROS, 86PEDINA Y). 

Isopropylbenzene 

CH3 CH=CH 

'" / '" CH-C CH 
/ ~ -f' 

CH3 CH-CH 

Enthalpy of formation (solid phase) 

No. of Group Group value Sum (kJ/mol) 
groups 

2 C-(C)(H)3 -46.74 -93.48 
C-(CMCB)(H) -3.50 -3.50 
CB-(C)(CB)2 13.90 13.90 

5 CB-(H)(CB)2 6.53 32.65 
2 -CH3 corr. -2.34 -4.68 

-55.11 

Compare with experimental value: -48.45 kJ/mol (45JOH/PRO, 
73KIS/SUG). 

1-0etyn@ 

CH3-CH2-CH2-CH2-CH2-CH2-C==CH 

Heat capacity (gas phase) 

No. of Group Group value Sum (kJ Imol) 
groups 

C-(C)(H)3 25.73 25.73 
4 C-(CMH)2 22.89 91.56 
1 C-(C1)(C)(H)2 20.97 20.97 

C1-(C) 13.22 13.22 
C1-(H) 22.55 22.55 

174.03 

Compare with experimental value: 173.97 J/mol·K (69STUIWES). 
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1,3,5-Trimethylbenzene 

CH3 

"'-
C=CH 
/ "'-

HC C-CH3 
~ ~ 
C-CH 

/ 
CH3 

Heat capacity (liquid phase) 

No. of 
groups 

3 
3 
3 

Group 

C-(CB)(H)3 
CB-(H)(CB)z 
C B-(C)(CB)2 

Group value 

36.48 
22.68 
10.10 

Sum (kJ Imol) 

109.44 
68.04 
30.30 

207.78 

Compare with experimental value: 209.33 J/mol·K (55T A Y /KIL, 
84DOM/EV A). 

n-Butylcyclohexane 

CHr CH2-CH2-CH2 

Heat capacity (liquid phase) 

No. of Group 
groups 

C-(C)(H)3 
8 C-( C)z(II)z 
1 C-(CMH) 

Ring corr. 

"'
CH-CH2 

/ "-
H2C CH2 

"'- / 
CH2-CH2 

Group value SUlll (kJ/mol) 

36.48 36.48 
30.42 243.36 
21.38 21.38 

-26.21 -26.21 

275.01 

Compare with experimental value: 271.04 J/mol·K (65FINIMES, 
84DOM/EV A). 

1,2-Diphenylethane 

CH=CH CH=CH 
/ "'- / "'-

HC C-CH2-CHr C CH 
~ ~ ~ ~ 

CH-CH CH-CH 

Heat capacity (sohd phase) 

No. of Group Group value Sum (kJ/mol) 
groups 

10 CB-(H)(CB)2 20.13 201.30 
2 CB-(C)(CB)2 -23.26 -4652 
2 C-(CB)(C)(H)z 49.38 98.76 

253.54 

Compare with expenmental value: 253.55 J/mol·K (31SMI/ AND, 
84DOM/EV A). 

n-Hexadecane 

CHrCH2-CH2-CH2-CH2-CH2-CH2-CH2-
CH2-CH2-CHrCH2-CH2-CH2-CH2-CH3 

Entropy (gas phase) 

No. of Group Group value Sum (kJ/mol) 
groups 

2 C-(C)(H)3 127.32 254.64 
14 C-(CMH)2 39.16 548.24 
1 -Rln[N(tot)] -24.03 -2403 

77885 

Compare with experimental value: 778.31 J/mol·K (69STU/WES) 

2,2-Dimethylhexane 

CH3 

"'
CH3-C-CH2-CHr CH 2-CH 1 

/ 
CH3 

Entropy (gas phase) 

No. of Group Group value 
groups 

4 C-(C)(H)1 127.32 
3 C-(Ch(H)z 39.16 

C-(C)4 -149.49 
-R In [N(tot)] -45.67 

Sum (kJ/mol) 

509.28 
117.48 

-149.49 
-45.67 

431.60 

Compare With experimental value: 431.20 J/mol·K (69STUIWES). 
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Ethylbenzene 

CHr CH2 

"'-
C CH 

/ "'-
HC CH 

'\. ~ 
CH-CH 

Entropy Oiquid phase) 

No. of Group Group value 
groups 

C-(C)(H)3 83.30 
1 C-(C)(Cn)(H)z 47.40 

1 CB-(C)(CBh -19.50 
5 CB-(H)(CB)2 28.87 

Sum (kJ/mol) 

83.30 
47.40 

-19.50 
144.35 

255.55 

Compare with experimental value: 255.01 J/mol·K (44GUT/SPI, 
84DOMIEV A). 

Naphthalene 

CH CH 
~ "'- / '\. 

HC C CH 
I II I 

HC C CH 
'\. / "'- ~ 

CH CH 

Entropy (solid phase) 

No. of Group Group value Sum (kJ/mol) 
groups 

8 CB-(H)(CB)2 22.75 182.00 
2 CBP-( CBF)( CB)2 -6.00 -12.00 

170.00 

Compare with experimental value: 167.40 J/mol·K (57MCC/FIN, 
84DOMIEV A). 
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Appendix B. Comparison of C~lculated 
Thermodynamic Properties in the Gas 

Phase with Benson's Values 

Enthalpy of formation 

Compound 

propane 
2-methylbutane 
trans-2-hexene 
p-xylene 
n -butylbenzene 

Heat capacity 

Compound 

n-hexane 
2,5-dimethylhexane 
cis-3-hexene 
ethylbenzene 
cyclopentane 

Entropy 

Compound 

n-pentane 
2-methylpropane 
I-hexene 

benzene 
methylcyclohexane 

at 298.15 K 

arHO 
(This work) 

-105.15 
-153.10 
-53.39 

18.00 
-12.17 

Co p 

(This work) 

143.02 
188.86 
122.17 
129.14 
83.01 

So 

(This work) 

348.09 
291.82 
:1RJ.2R 

269.20 
344.36 

arHo 
(76BEN) 

kJ/mol 

-105.98 
-153.26 
-54.02 

15.98 
-12.18 

Co p 

(76BEN) 

J/mol·K 

143.85 
187.61 
123.85 
129.29 
87.86 

So 

(76BEN) 

J/mol.K 

348.69 
294.68 
1Rtl.Rl 

268.78 
343.34 

ResIdual 

0.83 
0.16 
0.63 
2.02 
0.01 

Residual 

-0.83 
-1.25 
-1.68 
-0.15 
-4.85 

Residual 

-0.60 
-2.86 

:1.5:1 

0.42 
1.02 

Comparison of the small data set in AppendIX B to corresponding 
experimental values for these compounds shows that residual for arHo 
are less than 4 kJ/mol and those for Cpo and So are below 4 J/mol·K. 
An improvement on the part of our group contribution values for the 
gas phase over those of Benson et al., is demonstrated about half of the 
time. 
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Appendix C. Methyl Repulsion 
Corrections for Branched Hydrocarbons 

Methyl Repulsion Corrections 
in Branched Alkane Hydrocarbons 

with Quaternary Carbon Atoms 

Several examples of application of the methyl repul
sion corrections to the calculation of A.fH o in the gas 
phase for hydrocarbons which contain quaternary car
bon atoms are given below. 

2,2-Dimethylpropane 

Enthalpy of formatIon (gas phase) 

No. of Group Group value Sum (kJ/mol) 
groups 

4 C-(C)(H)3 -42.26 -169.04 
C-(C)4 19.20 19.20 

4 Quat. CH3 corr -4.56 -18.24 

-168.08 

Compare with expenmental value: -167.99 kJ/mal (70GOO, 
86PED/NA V). 

Compare with estimated value from 76BEN: -168.62 kJ/mo!. 

2,2-Dimethylbutane 

CH3 

'" CH3-C-CH2-CH3 
/ 

CH3 

Enthalpy of formation (gas phase) 

No. of Group 
groups 

4 C-(C)(H)3 
C-(CMHh 
C-(C)4 

3 Quat. CH3 corr 

Group value Sum (kJ/mol) 

-42.26 -16904 
-20.63 -2063 

19.20 1920 
-456 -1368 

-18415 

Compare with experimental value. -186 10 kJ/mot (41PROI 
ROS, 86PED/NA V). 

Compare with estimated value from 76BEN: -182.55 kJ/mol 

3,3-Dimethylpentane 

CH3 

'" CHr CH2-C-CH2-CH3 

/ 
CH3 

Enthalpy of formation (gas phase) 

No. of Group Group value 
groups 

4 C-(C)(Hh -4226 
2 C-(C)z(Hh -20.63 

C-(C)4 19.20 
2 Quat. CH3 corr -4.56 

Sum (kJ/mol) 

-169.04 
-41.26 

19.20 
-9.12 

-200.22 

Compare with expenmental value: -201.17 kJ/mot (4IPRO/ROS 
2, 86PED/NA V). 

Compare with estimated value from 76BEN: 196.48 kJ/mol. 

3-Ethyl-3-methylpentane 

CHr CH2 

'" CHr CHz-C-CH3 

/ 
CHr CH2 

Enthalpy of formatIOn (gas phase) 

No. of Group Group value 
groups 

4 C-(C)(H)3 -42.26 
3 C-(CMH)2 -20.63 

C-(C)4 19.20 
Quat. CH3 corr -4.56 

Sum (kJ/mot) 

-16904 
-6189 

19.20 
-456 

-21629 

Compare with expenmental value: -2148:5 kJ(mo\ (4:5PROI 

ROS, 86PED/NA Y). 
Compare with estImated value from 76BEN --21041 kJ/mol 

3,3-Diethylpentane 

CHr CH2 

'" CIIrCH2-C-CIIz-CII, 
/ 

CHr CH2 

Enthalpy of formation (ga ... pha ... l") 

No of (;IOllp (;\Our V.tllH: 

group ... 

4 (' (C)(JI), 4226 
4 C (CHI!) .. -- 2063 
1 C (C)4 1920 

Sum (kJ/mol) 

-169.04 
-8252 

1920 

-232.36 

Compare with expenmental value -23234 kJ/mol (47JOH/PRO, 
86PED/NAY) 

Compare with estimated value from 76BEN -224.35 kJ/mol. 
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Comparison of the methyl repulsion correction and Benson's gauche - correction in branched alkane hydrocarbons (gas phase) 

Compound Gauche Benson method Methyl repulsion method 
name and isomers (76 BEN) (ThIS work) 
formula (76BEN) 6.rH

o (kJ Imol) 6.rH
o (kJ/mol) 

expt calc resd expt calc resd 

2-Methylpropane 0 -134.18 -135.98 1.80 -134.18 -134.73 0.55 

CH3 

" CHrCH 
I 

CH3 

2,2-DImethylpropane 0 -167.99 -168.62 0.63 -167.99 -168.08 0.09 

CH3 

" CH3-C-CH3 

/ 
CH3 

2-Methylbutane -153.63 -153.26 -0.37 -153.63 -153.10 -0.53 

CH3 

" CH3-CH-CH2-CH3 

3-Methylpentane 2 -172.09 -170.54 -1.55 -172.09 -171.47 -0.62 

CH3 

" CH3-CHr CH-CH2-CH3 

2,2-Dimethylbutane 2 -186.10 -182.55 -3.55 -186.10 -184.15 -1.95 

CH3 

" CH3-C-CHr CH3 
I 

CH3 

2.3-Dimethylhutane 2 -178.28 -179.91 1.63 -178.28 -180.42 2.14 

CH) CH3 

'" I 
CHrCH-CH-CHJ 

3-Ethylpentane 3 -189.62 -187.82 -1.80 -189.62 -189.84 0.22 

CHrCH2 

'" CH3-CH2-CH 
I 

CHr CH2 

2,2,3-Trimethylbutane 5 -204.47 -202.51 -1.97 -204.47 -202.27 -2.20 

CH3 CH3 

" I 
CH3-C-CH-CH3 

I 
CH3 
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Comparison of the methyl repulsIon correction and Benson's gauche - correction in branched alkene hydrocarbons (gas phase) 

Compound name Gauche Benson method Methyl repulsion method 
and Isomers (76BEN) (This work) 

formula (76BEN) b.rHo (kJ/mot) b.rH Q (kJ/mol) 

expt calc resd expt calc resd 

2-Methylpropene 0 -16.90 -15.90 -1.00 -16.90 -18.58 1.68 

H CH3 

"- / 
C=C 
/ "-

H CH3 

2-Methyl-l-butene 0 -35.31 -35.82 0.51 -35.31 -37.20 1.89 

H CH3 

""- / 
C=C 
I "-

H CH2-CH3 

2,3-Dimethyl-I-butene -62.38 -62.67 0.04 -62.38 -64.73 2.35 

H CH1 

"- I 
C C CH3 

/ " / 
H CH 

" CH) 

3-Methyl-2-ethyl- -79.54 -82.59 3.05 -79.54 -83.35 3.81 
I-butene 

H CH2-CH3 

"- / 
C C CH3 

I " / 
H CH 

"-
CH3 

2,3,3-Trimethyl-l-butene 2 -85.48 -90.04 4.56 -85.48 -92.39 6.91 

H CHJ 

" / 
C=C CH3 
I "I 

H C-CH3 

" CH3 

Calculation of the enthalpies of formation at 298.15 K in the gas phase using either group values developed in this work or those reported 
by 76BEN yield b.rHo,s of about the same magnitudes. For this reason, residuals are also about the same magnitudes from both approaches. 
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Appendix D. Example Calculations of 
Total Symmetry Number for Some 

Hydrocarbon Compounds 

The total symmetry number of the molecule, N(tot), is 
composed of two parts: the internal symmetry number 
and the external symmetry number. Both are defined 
below. 

(1) The internal symmetry number, N(int), is deter
mined when a terminal rotator has more than one indis
tinguishable conformation as it makes one complete 
rotation about an axis colinear with the single bond link
ing it to the rest of the molecule. If there are n such 
conformatIOns, then the axis is called an n -fold axis of 
symmetry and N(int) for that rotor will be equal to n. 
For example, a methyl group has three such conforma
tions, and therefore, a three-fold axis of symmetry and 
N(int) equal to 3. The phenyl group has two indistin
guishable conformations as it makes one complete rota
tion about an axis through the bonding carbon atom of 
the aromatic ring and carbon atom in the para position to 
it, thus exhibiting two-fold symmetry. 

Although nonsymmetrical terminal rotors do not af
fect N(tot) of a molecule, they need to be considered in 
determining the symmetry of compound rotors and 
N(ext) for a molecule. 

Several example calculations are provided below 
within a format which allows for an examination of the 
internal and external symmetry elements in a molecule 
followed by a final calculation of the total symmetry 
number. Using this approach, the symmetries of the ter
minal rotors are noted. They are then conceptually spun 
to yield time-averaged symmetry similar to that of a sin
gle atom. The time-averaged rotor is called a pseudo
atom and the resulting molecule is called a 
pseudo-molecule. This process is continued until there 
are no further terminal rotors and the molecule becomes 
rigid. The value for N(int) will be the product of the 
symmetry numbers of all of the rotors. 

(2) external symmetry number, N(ext), which is deter
mined when a rigid molecule or a pseudo-molecule, 
derived from the spinning process, shows additional 
~yrnrnp.try_ N(ext) is defined as the total number of inde
pendent permutations of identical atoms (or pseudo
atoms) in a molecule that can be arrived at by rigid 
rotations of the entire molecule (or pseudo-molecule). 

The value of N(tot) is equal to the product of all 
N(int) and N(ext). 

methane 

Example Calculations for Several 
Hydrocarbon Compounds 

H 

I 
H-C-H 

I 
H 

Symmetrical terminal rotors: None. 
Pseudo-molecule representation: Y. 
Internal symmetry: Methane has no internal symmetry. 

External symmetry: Methane exhibits tetrahedral sym-
metry and has four three-fold symmetry axes. Each 
axis goes through a different C-H bond and includes 
the rotation of the remaining CH3 group about this 
bond. Twelve unique rotational permutations of the 
methane molecule can be drawn, consequently, 
N(ext) = 12. 

Total symmetry: Methane has N(tot) = N(ext) = 12. 

ethane 

Symmetrical terminal rotors: Ethane has two terminal 
methyl groups each of which have three-fold sym
metry. 

Pseudo-molecule representation: Y - Y. 
Internal symmetry: Ethane has N(int) = 3 X 3 = 9. 
External symmetry: End-to-end symmetry can be VISU-

alized in the structural formula or the pseudo
molecule resulting in N(ext) = 2. 

Total symmetry: N(tot) = N(int)XN(ext) 3" 3 " 2 
= 18. The value of N(tot) is the saml' for all of till' 
n-alkanes. 

n-butane 

Symmetrical termInal I (lit II '> 1/ BlILllu' ha'> I w( 1 1II1'1 hvl 
groups each of wlllt'h ha \ (. 1111 ('l' II lid ,>"II1Illl'll ~ 
N(int) ~ . ~ I) -

PSl'w.tO-1Il0il'l'lall'Il'PI(,'>(·IIlalltlll Y ('II, ('II, Y 
Intclllal :-OylllllH'11 \' SpllllllllF, l,j 11t(' Y ('II, gl(llIP'> III Ihl" 

p'>l'lIdo IIlol"I'III,' do(''> 1101 11''>1111 III allV dl;tllgc III 111-

Il'llIal '>v II I IIII'I '\" IlI'llt 'I', ,\I (1111) I) 

1:,lclllal '>YIIIIIU'IIY I'lld Itl l'IIlI '>YIIIIIH'IIY l'an he vI~lIal
lied III CII IIl'I I Ill' '>1 I IIl'l III al fOll11l1la 01 I hl' p:-Ol'lIdo-
lIIoll'nilc 1l'~l1ll\11g 111 N(l"xl) 2 

Total :-OyIllI11L'IIY' N(lol) N(IIlt)>--.N(ext) _c 3X3X2 
I X Thl' vallie of /I (lot) IS the same for all of the 

/I -alkanes. 

J. Phys. Chern. Ref. Data, Vol. 17, No.4, 1988 



1656 E. S. DOMALSKI AND E. D. HEARING 

2-Methylpropane 
CH3 

"
CH3-CH 

/ 
CH3 

Symmetrical terminal rotors: 2-Methylpropane has three 
methyl groups each of which have three-fold sym
metry.N(int) = 3X3X3 = 27. 

Pseudo-molecule representation: Y rCH. 
Internal symmetry: The Y rCH pseudo-molecule itself 

has three-fold symmetry and contributes an addi
tional N(int) = 3. The final N(int) for the molecule 
isN(int) = 27X3 = 81. 

External symmetry; Spinning of either the structural 
formula or the pseudo-molecule shows no end-to
end symmetry, hence, N(ext) = 1. 

Total symmetry: N(tot) = NOnt) xN(ext) 
=81Xl=81. 

2,2-Dimethylpropane 
CH3 

"
CH3-C-CH3 

/ 
CH3 

Symmetrical terminal rotors: 2,2-Dimethylpropane has 
four methyl groups each of which have three-fold 
symmetry. N(int) = 3X3X3X3 = 81. 

Pseudo-molecule representation: CY 4. 

Internal symmetry: The CY 4 pseudo-molecule offers no 
additional elements of internal symmetry, hence, 
N(int) = 81. 

External symmetry: The external symmetry for the CY 4 

pseudo-molecule is the same as that for the methane 
molecule because 12 unique rotational permutations 
can be drawn for CY4, giving N(ext) = 12. 

Total symmetry: N(tot) = N(int)XN(ext) = 81 X 12 = 
972. 

2-Methylbutane 
CH3 

"
HC-CH2-CH3 

/ 
CH3 

Symmetrical terminal rotors: 2-Methylbutane has three 
terminal methyl groups each of which have three
fold symmetry. N(int) = 3X3X3 = 27. 

Pseudo-molecule representation: Y 2CH-CH2 Y. 
Internal symmetry: Examination of the pseudo-molecule 

does not result in any additional internal symmetry 
contributions. N(int) = 27. 

EAle;:rmd symmetry: Rotation of the pseudo-molecule 
about the central bond give no contribution to exter
nal symmetry. N(ext) = 1. 

Total symmetry: N(int)XN(p.xt) = 27X 1 = 27_ 
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2,2-Dimethylbutane 

CH3 

"
CHr C-CH2-CHJ 

/ 
CH3 

Symmetrical terminal rotors: 2,2-Dimethylbutane has 
four methyl groups each of which have three-fold 
symmetry. N(int) = 3X3X3X3 = 81. 

Pseudo-molecule representation: Y3C-CHZY' 
Internal symmetry: Examination of the pseudo-molecule 

shows that the CY 3 group exhibits an additional 
amount of three-fold symmetry so that N(int) is now 
3X3X3X3X3 or 243. 

External symmetry: Rotation of the pseudo-molecule 
does not yield any extra elements of external symme
try, hence, N(ext) 1. 

Total symmetry: N(int)XN(ext) = 243 X I or 243. 

2,2,3,3-Tetramethylbutane 

CH3 CH3 
"- / 

CH3-C-C-CH3 

/ "'-
CII3 CII3 

Symmetrical terminal rotors: 2,2,3,3-Tetramethylbutane 
has six methyl groups each of which have three-fold 
symmetry, giving N(int) = 3X3X3x3X3X3 or 
729. 

Pseudo-molecule representation: Y 3C-CY 3' 
Internal symmetry: Each CY 3 group of the pseudo

molecule exhibits three-fold symmetry enhancing 
N(int) to 729 X 3 X 3 or 6561. 

External symmetry: Rotation of the pseudo-molecule 
about the central bond shows it to have two-fold 
symmetry, hence, N(ext) = 2. 

Total symmetry: N(int)XN(ext) = 6561x2 = 13122. 

Ethylene 

Symmetrical terminal rotors: None. 
Pseudo-molecule representation: Y = Y. 
Internal symmetry: Ethylene does not exhibit internal 

symmetry because the double bond prevents internal 
rotation. 

External symmetry: Ethylene has two two-fold rota
tional axes, one horizontally through the two carbon 
atoms and the;: uthe;:r ve;:Tti(.;ally bise;:(.;tiug the two 
carbon atoms. From this one obtains N( ext) 2 X 2 
or 4. 

Total symmetry: N(tot) = N(ext) = 4. 



ESTIMATION OF THE THERMODYNAMIC PROPERTIES OF HYDROCARBONS 1657 

Propylene 

Symmetrical terminal rotors: Propylene has one methyl 
group which has three-fold symmetry giving N(int) 
= 3. 

Pseudo-molecule representation: YCH=CH2• 

Internal symmetry: The pseudo-molecule does not 
provide any additional elements of internal symme
try, hence, N(int) = 3. 

External symmetry: Rotation of the pseudo-molecule 
does not provide any additional elements of external 
symmetry, hence,N(ext) = 1. 

Total symmetry: N(tot) = N(int) XN(ext) = 3 Xl = 3. 
The latter value for N(tot) is applicable to all 
I-olefinic hydrocarbons. 

Benzene 

CH=CH 
/ "-, 

HC CH 
~ -I' 
CH-CH 

Symmetrical terminal rotors: None. 
Pseudo-molecule representation: Z. 
Internal symmetry: Benzene has no internal symmetry. 
External symmetry: Benzene has a six-fold rotational 

axis perpendicular to the ring which also passes 
through the center of the ring. Perpendicular to the 
six-fold axis, there are six two-fold axes through the 
opposite carbon atoms or bisecting the opposite car
bon-carbon bonds, hence, N(ext) = 2X6 = 12. 

Total symmetry: N(tot) = N(ext) = 12. 

Toluene 

CH=CH 

/ '" 
CHrC CH 

~ -I' 
CH-CH 

SYIIlmelrical krrninal rutors: Tuluene has one methyl 
group which exhibits three-fold symmetry and the 
phenyl group which shows two-fold symmetry, giv
ing N(int) = 3 X2 = 6. 

Pseudo-molecule representation: Y -Z or, 

CH=CH 

/ '" Y-C CH 
~ -I' 
CH-CH. 

Internal symmetry: Further examination of the pseudo
molecule does not give any additional elements of 
internal symmetry, hence, N(int) = 6. 

External symmetry: Rotation of the pseudo-molecule 
does not give any additional elements of external 
symmetry, hence, N(ext) = 1. 

Total symmetry: N(tot) = N(int)XN(ext) = 6X 1 = 6. 

t-Butylbenzene 

CH3 CH=CH 

'" / '" CH3-C-C CH 
/ ~ /' 

CH1 CH-CH 

Symmetrical terminal rotors: t-Butylbenzene has three 
methyl groups each of which have three-fold sym
metry. This gives N(int) = 3 X 3 X 3 = 21. The 
phenyl group has two-fold symmetry for which 
N(int) = 2. 

Pseudo-molecule representation~ Y)C-Z or, 

CH=CH 

/ '" Y3C-C CH 
~ -I' 
CH=CH. 

Internal symmetry: Examination of the pseudo-molecule 
shows that the CY3 group exhibits three-fold symme
try resulting in another N(int) = 3. A final overall 
N(int) results which is equal to 27 X 2 X 3 or 162. 

External symmetry: Rotation of the pseudo-molecule 
does not provide any additional elements of external 
symmetry, hence, N(ext) = 1. 

Total symmetry: N(tot) = N(int)XN(ext) = 162X 1 = 
162. 
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TABLE 1. Additive group contribution values for hydrocarbons at 298.15 K 

Groups Gas phase Liquid phase Solid phase 

arRo Co 
p 

So arR o Co 
p 

So arR o Co 
p 

So 

kJ/mol J/mol·K kJ/mol J/mol·K kJ/mol J/mol·K 

Alkane groups 

C-(H>a(C) -42.26 25.73 127.32 -47.61 36.48 83.30 -46.74 67.45 56.69 

C-(HMC)2 -.:..20.63 22.89 39.16 -25.73 30.42 32.38 -29.41 21.92 23.01 

C-(H)(C)3 -1.17 20.08 -53.60 -4.77 21.38 -23.89 -5.98 

-CH3 corr- -2.26 -2.18 -2.34 

C-(C)4 19.20 16.53 -149.49 17.99 10.24 -98.65 12.47 -83.63 J -33.19J 

-CH3 corrb -4.56 -4.39 -4.35 

-CH, corr C -l.RO -177 -2.70 

-CH3 corrd -0.64 -0.64 -2.24 

Alkene Groups 

Cd-(H}z 26.32 21.38 115.52 21.75 28.37 86.19 22.43 

Cd-(H)(C) 36.32 18.74 33.05 31.05 24.60 28.58 25.48 

Cd-(C)2 44.14 15.10 -50.84 39.16 23.22 -29.83 32.97 
Cd-(H)(Cd) 28.28 18.54 27.74 22.18 31.67 13.30 17.53 35.65 21.75 

Cd-(C) (Cd) 36.78 17.57 -61.33 30.42 26.19 -41.92 27.91 

Cd-(Cd)(Cu) 56.07 

[Cd-(H) (CB)] e 

Cd-(C)(CB) 37.95 15.90 -51.97 38.58 

[Cd-(H)(CtW 

Cd-(CB)2 32.88 30.83 25.10 49.90 32.50 

C-(HMC) (Cd) -20.88 20.63 38.20 -25.73 29.29 31.67 -24.35 

C-(H)(C)2(Cd) -1.63 27.49 -50.38 -5.02 30.12 -28.07 -6.49 

-CH3 corr- -2.26 -2.18 -2.34 

C-(C)3(Cd) 22.13 9.16 -150.23 20.79 28.74 -108.20 12.51 

-CH3 corr- -4.56 -4.39 -4.35 

C-(H)(C)(C~2 -1.00 

C-(HMC .. );a -1979 24.77 42.08 -25.27 40.88 19.32 -21.60 

C-(H)2(Cd)(CB) -24.73 

C-(H)(C)(Cd)(CB) -6.90 

cis -correction g 4.85 -8.03 5.06 5.27 5.73 

Alkyne groups 

Ct-(H) 113.50 22.55 101.96 104.47 39.96 67.57 110.34 

Ct-(C) 115.10 13.2 226.32 107.15 25.59 14.25 101.66 

Ct-(Cd) 121.42 10.71 39.92 114.77 

Ct-(CB) 120.76 10.17 17.77 119.00 103.28 32.30 

Ct-(Ct) 120.76 14.27 25.94 104.80 103.28 

C-(HMC)(Ct) -19.70 20.97 42.80 -22.13 30.39 32.36 -29.41 

C-(H)(C)2(Ct) -3.16 17.45 -45.69 

-CH3 corrs -2.26 -2.18 -2.34 

C-(C)3(Ct) 22.83 

-CH3 corr b -4.56 -4.39 -4.35 

C-(HMCt)2 -41.14 -39.08 

C-(CMCth 20.67 
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TABLE 1. AddIt1ve group contrIbution values for hydrocarbons at 298.15 K - Continued 

Groups Gas phase LIquid phase Solid phase 

I1fHO 

kJ/mol 

CpO So I1fHO 

kJ/mol 

CpO SO I1fHO 

kJ/mol 

CpO So 

J/mol·K J/mol·K J/mol·K 

Allenic group 

142.67 15.86 26.28 134.68 30.04 14.39 131.08 

Aromattc groups 

C B-(H)(CB)2 13.81 13.61 48.31 8.16 22.68 28.87 6.53 20.13 22.75 
CB-(C)(CB)2 23.64 9.75 -35.61 19.16 10.10 -19.50 13.90 -23.26 -5.50 
CB-(Cd)(CBh 24.17 14.12 -33.85 19.12 9.44 -9.04 20.27 -20.00 10.00 
[CB-(Ct)(CB)2]h 
C B-(CB)3 21.66 13.12 -36.57 17:21 17.07 17.03 -1.72 -6.00 

C-(HMC)(CB) -21.34 25.61 42.59 -24.81 22.90 47.40 -22.10 49.38 26.90 
C-(H)(Ch<CB) -4.52 2245 -48.00 -582 17.50 13.90 -3.50 
C-(CB)(C)3 18.28 18.28 147.19 18.70 5.17 -96.10 21.57 
C-(H)2(CBh -46.43 -26.'0 3291 '1.97 -21.44 69.06 22.8:5 

C-(H)(C)(CBh -21.47 11.50 28.12 16.40 43.55 
C-(H)(CBh -6.86 34.48 63.64 -12.62 
C-(CBMC) 67.20 39.83 
C-(CB)4 64.89 58.74 

CBr(CBF)(CBh 20.10 15.83 9.52 -5.54 14.10 2.30 -6.00 
CBr(CB)(CBFh 16.00 1.50 12.00 5.77 200 
CBr(CBFh 3.59 -0.90 1.94 8.00 7.00 

ortho corr 1.26 6.40 -2.50 326 3.50 0.00 5.00 0.00 0.00 
meta corr -0.63 0.71 0.00 0.00 0.00 0.00 2.00 0.00 0.00 

aUse for each adjacent methyl group. 
bUse for each adjacent methyl group when one C-(C)4 IS present. 
eUse for each adjacent methyl group when there IS a C-(C)4 and a C-(C)J(H) group present in the longest carbon chain. 
dUse for each adjacent methyl group when there are two C-(C)4 groups present m the longest carbon cham. 
eCr(H)(CB) = Cd-(H)(Cd) 
fCd-(H)( Ct) = Cr(H)( Cd) 
gWhen one of the groups IS t-butyl, apply the followmg cis correction: tJ..rHO(S) - 17.24; tJ..rHO(hq) = 17.48; tJ..rHO(sohd) = 1757 

hCB-(C1)(CBh = CS-(Cd)(CB)2. 
'CSF-(CB)2(CSF)' Do not use ortho, meta corrections for naphthalenes 
Use: 1. o SubstItution Cp O(g) 11.83; SO(g) -19.66 
Use: 2 1 snhstltntlon C p O(e) = 141<); SO(e) = -?1 50 
Use: 3. 2 substItutIOns Cp O(g) = 16.48; SO(g) = -23.00. 

JGroup value calculated from experimental data on solId 2,2,3,3-tetramethylbutane (52SCO/DOU) 

1659 
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TABLE 2. Ring strain corrections to be applied to cyc10alkanes and related hydrocarbons 

Rings Gas phase Liquid phase Solid phase 

!1rH· C· p S· !1rH· C· p S· !1rHo C· p S· 
kJ/mol J/mol·K kJ/mol J/mol·K kJ/mol J/mol·K 

cyclopropane 115.15 -12.73 134.86 
cyclobutane 110.89 -19.34 126.04 106.64 -10.68 51.48 
cyclopentanea 26.75 -31.44 116.22 23.59 -23.32 42.24 34.00 
cyclohexanea 0.39 -31.07 78.18 -2.06 -26.21 10.07 10.30 
cycloheptane 26.34 -37.14 73.97 23.50 -32.19 15.89 

cyclooctane 40.63 -43.17 70.78 38.10 -27.88 2.96 
cyclononane 52.91 50.40 
cyclodecane 43.63 50.61 
cycloundecane 47.56 47.55 
cyclododec8ne 17.31 46.27 

cyclotridecane 21.84 24.83 
cyclotetradecane 49.58 37.74 
cyc:lopcntadecane 8.03 65.09 
cyclohexadecane 8.41 67.14 
cyclobeptadecane -13.59 69.56 

cyclopropcnc 224.21 

cyclobutene 125.81 -11.67 126.77 
cyclopentene 8 24.31 -26.53 113.76 19.82 -15.82 48.37 
cyclohexene 5.36 -19.50 95.69 2.33 -20.26 29.34 
cycloheptene 21.81 
cyclooctene 24.65 18.26 

1,3-cyclo-pentadiene 24.94 24.79 
1,3-cyclo-hexadiene 18.79 18.18 -26.56 50.18 
1,4-cyclo-hexadiene -34.22 36.41 
1,3-cyclo-heptadiene 27.54 

1,S-cyclo-octadiene 9.58 9.01 -7.45 23.35 
1,3,S-cyclo-heptatriene 14.90 -18.63 102.26 16.62 -54.00 84.96 
cyclo-octatetraene 69.61 -26.31 116.38 77.07 -68.18 113.89 
spiropentane 248.50 -19.97 286.59 242.58 2.60 162.81 
cis -decalin -4.02 -54.12 53.75 

trans -decalin -15.22 -57.63 53.67 
cis-hexahydroindan 16.55 -41.52 86.59 
trans-hexahydroindan 16.45 -46.00 79.98 

2,2-metacyclophane 55.06 
2,2-metaparacyclophane 109.46 -4.02 
2.2-paracyclophane 1'566 -1318 -1.92 
3,3-paracyclopbane 65.68 14.90 

adamantane -6.14 6.28 
bicyclo[2.2.21octane 27.12 . -67.59 -63.45 41.52 
bicyclo[3.3.3]undecane 99.06 124.10 

a Values given are for unsubstituted rings. When the ring is substituted, use the following values: 
cyclopentane: C/, gas = -27.87, So, gas = 118.39, liq = 56.65. 
cyclohexane: Cpo, gas = -22.82, So, gas = 83.97, liq = 25.10. 
cyclopentene: C/, gas = -24.50, So, gas = 117.11. 
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Name 
expt 

ethane -83.85 
propane -104.68 
butane - 125 65 
pentane - 146.82 
hexane -167.11 

heptane -187.65 
octane - 208.57 
nonane - 228.24 
decane -249.49 
undecane -270.91 

dodccanc 289.66 

tridecane 
tetradecane 
pentadecane 
hexodecone - 374.76 

heptadecane 
octadecane 
nomuipl'~np 

eicosane 

Name 

propane 
butane 
pentane 
hexane 
heptane 

octane 
nonane 
decane 
undecane 
dodecane 

tridecane 
tetradecane 
pentadecane 
hexadecane 
heptadecane 

expt 

-119.75 
-146.65 
-173.47 
-198.66 
-224.22 

-250.08 
-274.68 
-300.87 
-327.23 
-350.91 

-456.14 

~fHO(kJ/mol) 

calc 

-84.52 
-105.15 
-125.78 
-146.41 
-16704 

-187.67 
-208.30 
-228.93 
-249.56 
-270.19 

290.82 

-373.34 

TABLE 3 n -Alkane hydrocarbons m the gas phase at 298.15 K 

resd 

0.67 
0.47 
0.13 

-0.41 
-0.07 

0.02 
-0.27 

0.69 
0.07 

-0.72 

1.16 

-1.42 

expt 

52.63 
73.51 
97.45 

12021 
143.09 

165.98 
188.87 
211.71 
23460 
25744 

280.33 

303.21 
326.06 
348.95 
371.79 

394.68 
417.56 
440.41 
46329 

Cp O(J/mol.K) 
calc 

51.46 
74.35 
97.24 

120.13 
143.02 

16591 
188.80 
211.69 
234.58 
257.47 

280.36 

303.25 
326.14 
349.03 
371.92 

394.81 
417.70 
440.59 
463.48 

resd 

1.17 
-0.84 

0.21 
0.08 
0.07 

0.07 
0.07 
0.02 
0.02 

-0.03 

·0.03 

-0.04 
-0.08 
-0.08 
-0.13 

-0.13 
-0.14 
-OIR 
-0.19 

expt 

22949 
269.91 
310.12 
348.95 

·388.40 

427.90 
466.73 
505.68 
544.63 
583.58 

622.50 

661.45 
700.40 
73935 
778.31 

817.26 
856.21 
895.17 
93412 

TABLE 4. n -Alkane hydrocarbons in the hqUld phase at 298.15 K 

~fHO(kJ/mol) 

calc 

-120.95 
-146.68 
-172.41 
-198.14 
-223.87 

-249.60 
-275.33 
-301.06 
-326.79 
-352.52 

-455.44 

resd 

1.20 
0.03 

-106 
-0.52 
-0.35 

-0.48 
0.65 
0.19 

-0.44 
1.61 

-0.70 

expt 

135.00' 
167.19 
194.97 
224.93 

254.14 
284.39 
314.47 
345.05 
375.97 

406.89 
438.44 
47007 
501.45 
534.34 

Cp O(J/mol.K) 
calc 

133.80 
164.22 
194.64 
225.06 

255.48 
285.90 
316.32 
346.74 
377.16 

40758 
438.00 
468.42 
498.84 
529.26 

resd 

1.20 
2.97 
0.33 

-0.13 

1.34 
-1.51 
-1.85 
-1.69 
-1.19 

-0.69 
0.44 
1 65 
261 
5 OX 

expt 

231.00 
26347 
296.06 
328.57 

361.20 
393.67 
425.89 
458.15 
49066 

52287 
55543 
5X752 
61965 
6')22·t 

·Obtamed from extrapolation of experimental data of 40AST /MES to 298 15 K 

S°(J/mol·K) 
calc 

230.61 
269.77 
308.93 
348.09 
387.25 

426.41 
465.57 
504.73 
543.89 
583.05 

622.21 

66137 
700.53 
739.69 
778.85 

818.01 
857.17 
896.33 
93549 

SO(J/mol.K) 
calc 

231.36 
26374 
296.12 
328.50 

36088 
39326 
42564 
45802 
49() 40 

522 7X 
555 Ih 
')X754 
(d l ) 1)2 

(l').l \() 

resd 

-1.12 
0.14 
1.19 
0.86 
1 15 

1.49 
1.16 
0.95 
0.74 
0.53 

029 

008 
-0.13 
-0.34 
-0.54 

-0.75 
-0.96 

1.16 

-1.37 

resd 

-036 
-027 
-0.06 

007 

032 
041 
(J 25 

OD 
(J 26 

(J0l) 

027 
(Jm 

027 
006 

1661 

N(tot) 

18 
18 
18 
18 
18 

18 
18 
18 
18 
18 

18 

18 
18 
18 
18 

18 
18 
18 

18 
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TABLE 5. n-Alkane hydrocarbons in the solid phase at 298.15 K 

Name ~fHO(kJ/mol) Cp °(J/mol·K) SO(J/mol.K) 
expt calc resd expt calc resd expt calc resd 

propane -123.30 -122.89 -0.41 

butane -153.39 -152.30 -1.09 
pentane -181.46 -181.71 0.25 
hexane -211.71 -211.12 -0.59 
heptane -238.24 -240.53 2.29 

octane -270.83 -269.94 -0.89 
nonane -296.44 -299.35 2.91 
decane -329.57 -328.76 -0.81 
undeeane -356.27 -358.17 1.90 
dodecane -387.73 -387.58 -0.15 

tridecane -414.43 -416.99 2.56 
tetradecane -449.07 -446.40 -2.67 
pentadecane -473.50 -475.81 2.31 
hexadecane -509.49 -505.22 -4.27 441.79 a 441.78 0.01 434.84 a 435.52 -0.68 
hcptadccanc - 532.33 - 534.63 2.30 

octadecane -567.43 -564.04 -3.39 485.64 485.62 0.02 480.20 481.54 -1.34 
eieosane (479.90) 529.46 -49.56 (558.56) 527.56 31.00 
tetracosane (730.94) 617.14 113.80 (651.03) 619.60 31.43 
pentacosane (769.02) 639.06 129.96 (671.11) 642.61 28.50 
hexacosane 661.20 660.98 0.22 667.01 665.62 1.39 

dotri9cont9ne -968.34 -975.78 7.44 (877.38) 792.50 84.88 (851.44) 803.68 47.76 

tritriacontane (900.82) 814.42 86.40 (877.80) 826.69 51.11 

aObtained from extrapolation of experimental data of 54FIN/GRO to 298.15 K. 

TABLE 6. Substituted alkane hydrocarbons (tertiary carbon) in the gas state 298.15 K 

Name ~fHO(kJ/mol) Cp O(J/mol.K) S°(J/mol·K) N(tot) 
expt calc resd expt calc resd expt calc resd 

2·methylpropane -134.18 134.73 0.55 96.82 97.27 -0.45 294.64 291.82 2.82 81 
2-methylbutane 153.63 153.10 -0.53 118.78 120.16 1.38 343.59 340.12 3.47 27 
2-methylpentane -174.77 173.73 1.04 144.18 143.05 1.13 380.53 379.28 1.25 27 
2-methylhexane -194.64 -194.36 -0.28 165.98 165.94 0.04 419.99 418.44 1.55 27 
2-methylheptane -215.35 -214.99 -0.36 188.87 188.83 0.04 455.26 457.60 -2.34 27 

2-methyloctane 217.07 211.72 5.35 495.89 496.76 -0.87 27 
2-metbylnonane 242.09 234.61 7.48 534.46 535.92 1.46 27 

3-methylpentane -172.09 -171.47 -0.62 143.09 143.05 0.04 
3-methylhexane -191.33 -192.10 0.77 165.98 165.94 0.04 
3-methylheptane -212.51 -212.73 0.22 188.87 188.83 0.04 461.58 463.36 8 -1.78 27 

3-methyloctane 212.59 211.72 0.87 
3-methylnonane 237.61 234.61 3.00 
4-methylheptane -211.96 -212.73 0.77 188.87 188.83 0.04 453.34 451.83 1.51 54 
4-methyloctane 212.59 211.72 0.87 
4-methylnonane 237.61 234.61 3.00 

S·methylnonane 237.61 234.61 3.00 
3-ethylpentane -189.(j2 -189.84 0.22 1(j5.98 1(j5.94 0.04 411.50 412.(j7 -1.17 54 

3-ethylhexane -210.71 -210.47 -0.24 188.87 188.83 0.04 458.19 457.60 0.59 27 
3-ethylheptane 208.11 211.72 -3.61 
3-ethyloctane 233.13 234.61 -1.48 
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TABLE 6 Substituted alkane hydrocarbons (tertIary carbon) m the gas state 298.15 K - Continued 

Name .6.rHO(kJ/mol) Cp O(J/mol.K) SO(J/mol.K) N(tot) 
expt calc resd expt calc resd expt calc resd 

4-ethylheptane 208.11 211.72 -3.61 
4-ethyloctane 233.13 234.61 -1.48 
4-propylheptane 233.13 234.61 -1.48 
4-isopropylheptane 231.00 234.64 -3.64 
2,4-dimethylpentane -201.71 -201.05 -0.66 165.98 16597 0.01 396.64 398.94 -2.30 162 

2,4-dimethylhexane -219.24 -219.42 0.18 188.87 188.86 0.01 445.64 449.63 a -3.99 81 
2,S-dimethylhexane -22251 -221.68 -0.83 188.87 18886 0.01 439.03 438.10 093 162 
2,3-dimethylbutane -178.28 -180.42 2.14 140.54 14308 -2.54 365.77 359.78 599 162 
2,3-dimethylpentane -198.87 -198.79 -0.08 165.98 165.97 0.01 414.05 410.47" 3.58 81 
2,3-dimethylhexane -213.80 -219.42 5.62 188.87 188.86 0.01 443.96 443.86 0.10 81 

3,4-dimethylhexane -212.84 -217.16 4.32 18887 188.86 0.01 448.32 449.63a 1 31 81 
3-ethyi-2-methylpentane -211 04 -21716 6.12 188.87 188.86 0.01 441.12 443.86 -274 81 
2,3,4-trimethylpentane -21732 -226.11 8.79 18887 18889 -002 42807 43013 -206 243 

sIncludes correctIon to entropy for optical lsomensm, R In 2. 

TABLE 7 SubstItuted alkane hydrocarbons (tertIary carbon) 10 the lIquid state at 298.15 K 

Name .6.rHO(kJ/mol) Cp O(J/mol.K) SO(J/mol·K) 
expt calc resd expt calc resd expt calc resd 

2-methyipropane -153.47 -154.14 0.67 
2-methylbutane -178.57 -177.69 -0.88 
2-methylpentane -204.64 -203.42 -1.22 19372 191.66 2.06 290.58 290.77 -019 
2-methylhexane -229.49 -229.15 -0.34 22292 22208 084 323.34 323.15 019 
2-methylheptane -255.01 -254.88 -0.13 252.00 252.50 -0.50 356.39 355.53 o X6 

Z-methylnonane 31330 313.34 -0.04 42007 420.29 () 22 

2-methyldecane 341.21 343.76 -2.55 453.80 45267 I I ~ 
3-methylpentane -202.38 -20124 -114 190.66 191.66 -1.00 
3-methylhexane -226.44 -226.97 0.53 214.51 22208 -7.57 327.31 32:1 15 ·111, 
3-mcthylhcptllnc 252.34 252.70 036 250.20 252.50 2.30 

3-methylnonane 308.99 313.34 -4.35 427 II) 4.l() .H) (,'JII 

4·methylheptane -251.63 -25270 1.07 25109 252.50 -141 
4-methylnonane 317.36 313.34 402 4)" "1 ."II1IJ 

S-methylnonane 314.43 31334 1 ()9 -I.' I X·I I'll "I 

3-ethylpentane -224.89 -224.79 -0.10 219.58 22208 2 'iO 11·1 ',', 1'1 \. 

3-ethylhexane -250.41 -25052 0.11 
2,4-dimethylpentane -234.60 -23443 -0.17 22422 21 \) J() ., I' 1111 \ 

2,4-dimethylhexane -257.02 -257.98 0.96 
2,S-dimethylhexane -260.37 -260.16 -0.21 24920 .'·1'1 " .. II I' 

2,3·dimethylbutane -207.40 -20870 130 

2,3-dimethylpentane -233.09 -23225 () X4 'I" H'! '\'J \" , 'I 

2,3-dimethylhexane -252.59 - 257 I)X 'i I') 

2,7-dimethyloctane 1111',' 1\11 ," 

3,4-dimethylhexane --251 X3 2'i'i l\() l'iI 

3-ethyl-2-methylpentanc 249 'iX .''1'1 X() (, '1 

2,3,4-trimethylpentanc 2'i'i OJ .'111.'11 X,'" '1(, 'I '1(, ',1 II II til, \ I 111'1 \ '\ 

-----
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TABLE 8. Substituted alkane hydrocarbons (tertiary carbon) in the solid state at 198.15 K 

Name b.rH° (kJ/mol) Cp ° (Jimol.K) SO(J/mo}·K) 

expt calc resd expt calc resd expt calc resd 

2-methylpropane 157.99 -153.22 -4.77 
2-methylbutane 183.72 -180.29 -3.43 
2-methylpentane -210.92 -209.70 -1.22 
2-methylhexane -238.66 -239.11 0.45 
2-methylheptane -266.94 -268.52 1.58 

3-methylpentane -207.69 -207.36 -0.33 
3-methylhexane -234.93 -236.77 1.84 
3-methylheptane -264.01 -266.18 2.17 
3-ethylpentane -234.43 -234.43 0.00 
4-methylheptane -262.46 -266.18 3.72 

2,4-dimethylpentane -241.46 -237.69 -3.77 

TABLE 9. Substituted alkane hydrocarbons (quaternary carbon) in the gas state at 298.15 K 

Name b.rHO(kJ/mol) Cp O(J/mol·K) SO(J/mol·K) N(tot) 
expt calc resd expt calc resd expt calc resd 

2,2-dimethylpropane 167.99 -168.08 0.09 121.63 119.45 2.18 306.39 302.59 3.80 972 
2,2-dimethylbutane 186.10 -184.15 1.95 141.88 142.34 -0.46 358.23 353.28 4.95 243 
2,2-dimethylpentane -205.85 -204.78 -1.07 165.98 165.23 0.75 392.88 392.44 0.44 243 
2,2-dimethylhexane -224.60 -225.41 0.81 188.87 188.12 0.75 431.20 431.60 -0.40 243 
3,3-dimethylpentane -201.17 -200.22 -0.95 165.98 165.23 0.75 399.70 395.81 3.89 162 

3,3-dimethylhexane -219.99 -220.85 0.86 188.87 188.12 0.75 438.06 440.73 -2.67 81 
2,2,3-trimethylbutane -204.47 -202.27 -2.20 164.56 165.26 -0.70 383.60 378.70 4.90 729 
2,2,3-trimetbylpentane -219.99 -221.10 1.11 188.87 188.15 0.72 425.18 417.86 7.32 729 
2,2,4-trimethylpentane -224.01 -222.90 1.11 188.87 188.15 0.72 423.21 417.86 5.35 729 
2,3,3-trimethylpentane -216.27 -221.10 4.83 188.87 188.15 0.72 431.54 427.00 4.54 243 

2,2,3,3-tetramethyl-
butane -225.60 -219.00 -6.60 192.59 187.44 5.15 389.36 386.10 3.26 13,122 

2,2,3,3-tetramethyl. 
pentane -236.69 -238.99 2.30 212.09 210.33 1.76 

2,2,4,4-tetrametbyl. 
pentane -241.63 -239.63 -2.00 211.63 210.33 1.30 

Z,Z,3,4,4-pentametbyl-
pentane 234.43 233.25 1.18 

3-ethyl-3-methylpentane - 214.85 -216.29 1.44 188.87 188.12 0.75 432.96 431.60 1.36 243 
3,3-diethylpentane -232.34 -232.36 0.02 204.18 211.01 -6.83 461.54 459.23 2.31 972 

TABLE 10. Substituted alkane hydrocarbons (quaternary carbon) in the hquid state at 298.15 K 

Name b.rHO(kJ/mol) Cp °(J/mol·K) SO(J/mol.K) 
expt calc resd expt calc resd expt calc resd 

2,2-dimethylpropane -190.33 -190.01 -0.32 
2,2-dimethylbutane -213.80 -211.35 -2.45 183.18 186.58 -3.40 272.00 266.93 5.07 
2,2-dimethylpentane -238.28 -237.08 -1.20 221.12 217.00 4.12 300.29 299.31 0.98 
2,2-dimethylhexane -261.88 -262.81 0.93 
3,3-dimethylpentane -234.18 -232.69 1.49 211.71 217.00 -5.29 293.30 299.31 -6.01 

J,J-dimethylbexane -257.94 -251t42 0.48 246.60 247.42 -0.82 
2,2,3-trimetbylbutane -236.52 -233.68 -2.84 213.51 214.02 -0.51 292.25 293.96 -1.71 
2,2,3-trimethylpentane -256.90 -257.94 0.74 
2,2,4-trimethylpentane -259.16 -259.41 0.25 238.57 244.44 -5.87 328.03 326.34 1.69 
Z,J.J-trimetbylpentane -253.:51 -257.64 4.U 24).56 244.44 1.14 
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TABLE 10 Substituted alkane hydrocarbons (quaternary carbon) m the hqUid state at 298.15 K - Continued 

Name AfHO(kJ/mol) 

expt calc resd 

2,2,3,3-tetramethyl-

pentane -278.28 -278.61 0.33 

2,2,4,4-tetramethyl-

pentane -279.99 -279.25 -0.74 

3-ethyl-3-methylpentane - 252.84 - 254.03 1.19 

3,3-diethylpentane -275.39 -27537 -0.02 

Cp O(J/mol.K) SO(J/mol.K) 

expt calc resd expt calc 

TABLE 11. SubstItuted alkane hydrocarbons (quaternary carbon) lD the soltd state at 298.15 K 

Name ArHO(kJ/mol) Cp O(J/mol.K) SO(J/mol·K) 
expt calc resd expt calc resd expt calc 

2,2-dimethylpropane -19615 -19189 -4.26 
2,2-dimethylbutane -220.08 -216.95 -3.13 
2,2-dimethylpentane -244.14 -246.36 2.22 
3,3-dimethylpentane -24125 -24201 076 
2,2,3-trimethylbutane -241.08 -240.71 -0.37 

3-ethyl-3-methylpentane -267.48 -267.07 -041 
3,3-diethylpentane -292.13 -292.13 0.00 
2,2,3,3-tetramethyl-

butane -268.95 -268.94 -0.01 23744 237.44 0.00 273.76 273.76 

TABLE 12. n-Alkene hydrocarbons lD the gas state at 298.15 K 

Na.mc Arlr(kJ/mol) Cp O(J/mul·K) SO(J/mol.K) 

expt calc resd expt calc resd expt calc 

ethylene 52.47 52.64 -0.17 43.56 42.76 080 219.45 219.51 
propylene 20.00 20.38 -0.38 63.89 65.85 -1.% 266.94 26676 
I-butene 0.21 -050 0.71 85.65 86.48 -0.83 305.60 30496 
I-pentene -21.59 -21.13 -0.46 109.58 109.37 021 345.81 34412 
I-hexene -41.67 -41.76 0.09 132.34 132.26 0.08 38464 3832H 

I-heptene -62.30 -62.39 009 155.23 155.15 0.08 42359 422 44 
l-octene -82.93 -83.02 0.09 178.07 178.04 003 46254 461 fl() 

I-nonene -103.51 -103.65 0.14 200.96 200.93 003 50149 5()() 76 
I-decene -124.14 -124.28 0.14 223.80 22382 -002 54() 45 'i 11) 1)2 
I-hexadecene -247.82 -24806 0.24 361.04 361 16 - 012 774 12 774 XX 

cis-2-butene -7.07 -7.03 -0.04 78.91 XO 91 200 l()() X I lOl77 
trans -2-butene -11.51 -11.88 0.37 8782 XX 1)4 I 12 N64X 2% 71 
cis -2-pentene -2849 -27.91 -058 101 75 101 54 (2) I·JII 27 14'i 71 
trans-2-pentene -32.38 -3276 038 lOX 45 )()9 57 I 12 14() 41 14() 67 
cis-2-hexene -5234 -4854 --380 12569 12441 I )11 lXII 4X lX4 XI) 

tralls-2-hexene - 53 X9 53.1l) () 50 III IX 11246 o OX .IKO 62 ."179 !U 
cis-3-hexene -4761 - 4X 79 I I X 12.l M 122 17 147 .17961 378 17 
trans -3-hexene --5443 5364 079 1.12 X4 llO 20 264 374 X4 373 II 
cis -2-heptene -6916 -6917 001 
trails -2-heptene -7355 -7402 047 

resd 

resd 

0.00 

resd 

-006 
o IX 

064 
169 
136 

I 15 
() 1)4 

on 
()'il 
076 

( 1)4 

on 
054 
() 26 
I 59 

() 79 
144 
I 73 

1665 

N(tot) 

4 
J 

3 
3 

3 
3 

H~ 

18 
9 
9 
9 

9 
18 
18 
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TABLE 12. n-Alkene hydrocarbons in the gas state at 298.15 K - Continued 

Name ~fH°(kJ/mol) Cp °(J/mol.K) S°(J/mol·K) N(tot) 

expt calc resd expt calc resd expt calc resd 

cis .3-heptene -68.78 -69.42 0.64 
trans-3-heptene -73.76 -74.27 0.51 
1,2-butadiene 162.26 163.05 -0.79 80.12 81.71 -1.59 293.01 293.04 -0.03 
1,2-pentadiene 140.71 142.17 -1.46 105.44 102.34 3.10 333.46 331.24 2.22 3 
1,3-butadiene 109.96 109.20 0.76 79.54 79.84 -0.30 278.74 280.76 -2.02 2 

cis -1,3-pentadiene 81.25 81.79 -0.54 94.56 94.90 -0.34 324.26 327.30 -3.04 
trans-I,3-pentadiene 76.07 76.94 -0.87 103.34 102.93 0.41 319.66 322.24 -2.58 
1,4-pentadiene 105.48 105.49 -0.01 105.02 105.01 o.oi 333.46 333.46 0.00 2 
I,S·hexadiene 84.06 83.52 0.54 
2,3-pentadiene 133.05 130.79 2.26 101.25 104.80 -3.55 324.68 322.99 1.69 18 
allene 190.46 19~.31 -4.8~ ~9.2:5 ~8.62 0.63 243.93 24:5.79 1.86 4 

TABLE 13. n-Alkene hydrocarbons in the liquid state at 298.15 K 

Name ~fH°(kJ/mol) Cp O(J/mol·K) SO(J/mol·K) 
expt calc resd expt calc resd expt calc resd 

ethylene 43.50 56.74 172.38 
propylene 5.19 89.45 198.07 
I-butene -20.38 -20.54 0.16 121.85" 118.74 3.11 227.63b 229.74 -2.11 
l-pentene -47.03 -46.27 -0.76 155.31 149.16 6.15 262.55 262.12 0.43 
I-hexene -72.38 -72.00 -0.38 183.30 179.58 3.72 295.18 294.50 0.68 

1.heptene -98.03 -97.73 -0.30 211.79 210.00 1.79 327.65 326.88 0.77 
l-octene 123.51 -123.46 -0.05 241.21 240.42 0.79 360.45 359.26 1.19 
I-nonene -149.03 -149.19 0.16 
I-decene -174.60 -114.92 0.32 300.33 301.26 -0.93 425.01 424.02 0.99 
l-hexadecene -328.70 -329.30 0.60 

cis-2-butene -29.66 -27.85 -1.81 126.15 122.16 3.99 219.91 223.76 -3.85 
trans-2-butene -33.10 -33.12 0.02 125.90c 122.16 3.74 221.25c 223.76 -2.51 
cis .l-pentene -54.52 -53.58 -0.94 151.71 151.45 0.26 258.61 255.43 3.18 
trans-2-pentene -58.83 -58.85 0.02 156.98 151.45 5.53 256.52 255.43 1.09 
cis-2-hexene -83.89 -79.31 -4.58 

trans -2·hexene -85.52 -84.58 -0.94 
cis -2-heptene -105.14 -105.04 -0.10 
trans-2-heptene -109.54 -110.31 0.77 
cis -2-octene -135.69 130.77 -4.92 
trans-2-octene -135.69 -136.04 0.35 

cis -3-hexene -78.95 -79.31 0.36 
trans-3-hexene -86.06 -84.58 -1.48 
ciS -3-heptene -104.31 -105.04 0.73 
Irans-3-heptene -109.33 -110.31 0.98 
1,2-butadiene 138.99 139.87 -0.88 

1,2-pentadiene 150.83 148.78 2.05 244.97 244.13 0.84 
1,3·butadiene 87.91 87.86 0.05 123.65 120.08 3.57 198.99 198.98 0.01 
1,4-pentadiene 80.33 80.33 0.00 146.82 146.82 0.00 248.86 248.86 0.00 
2,3-pentadiene 152.42 152.20 0.22 237.32 238.15 -0.83 
1,5-hexadlene 54.10 :54.14 -U.04 

'Obtained from extrapolation of experimental data of 46AST/FIN to 298.1S K. 
"CI\\culllted from table XI in 46AST IFIN . 
. OhUlinccJ frum c:xnapolatlon of experimental aata of 4:5GUT (PIT to 298.1:5 K. 
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TABLE 14. n-Alkene hydrocarbons in the solid state at 298 15 

Name ArHO(kJ/mol) Cp O(J/mol·K) SO(J/mol.K) 
expt calc resd expt calc resd expt calc resd 

propylene 1.17 
I-butene -24.23 -23.18 -1.05 
l-pentene -52.84 -52.59 -0.25 
l-hexene -82.13 -82.00 -0.13 
l-heptene -110.58 -111.41 0.83 

l-octene -138.83 -140.82 1.99 
l-decene -196.36 -199.64 3.28 
l-hexadecene -358.90 -37610 17.20 
cis-2-butene -36.99 -36.79 -0.20 
trans -2-butene -42.84 -42.52 -0.32 

cis-.z-pentene -61.63 -61.14 -0.49 

trans-2-pentene -67.20 -66.87 -0.33 
2-hexene8 -97.78 -96.28 1.50 
2-heptene8 -124.68 -125.69 1.01 
2-octene" 153.64 -155.10 1.46 

1,2-butadiene 132.05 132.25 -0.20 
1,3-butadiene 79.91 79.92 -0.01 
1,4-pentadiene 74.22 74.22 0.00 

"Assumed to be the trans Isomer. 

TABLE 15. Substituted alkene hydrocarbons in the gas state at 298.15 K 

Name ArHO(kJ/mol) Cp O(J/mol.K) SO(J/mol.K) N(tot) 
expt calc resd expt calc resd expt calc resd 

2-methylpropene -16.90 -18.58 1.68 89.12 87.94 1.18 293.59 295.29 -1.70 IX 
2-methyl-I-butene -35.31 -37.20 189 111.63 108.57 3.06 339.53 339.25 0.28 II 

2-methyl-I-pentene -59.37 -57.83 -154 135.60 131.46 4.14 382.17 378.41 376 II 

2-methyl-2-butene 105.02 111.03 -6.01 338.57 345.90 -733 'I 

2-methyl-2-pentene 126.61 131.66 -5.05 378.44 384.10 -566 ') 

2-ethyl-I-butene -56.02 -55.82 -0.20 133.55 12920 4.35 376.60 371.69 491 1 s 
3-methyl-I-butene -27.45 -28.03 0.58 118.62 119.07 -0.45 333.46 33456 110 '} 

3-methyl-I-pentene -49.50 -48.66 -0.84 142.42 141.96 0.46 376.81 37372 'OIl '} 

cis -3-methyl-Z-pentene -6L3U -64.61 L31 126.61 123.63 2.Y~ J7~.44 JXUlU I'll) 

trans-3-methyl-2-pentene -63.14 -69.46 6.32 126.61 131.66 -5.05 381.83 37497 II HI! 

3-methyl-cis -3-hexene -79.41 -85.49 6.08 
J-methyl-trans -J-hexene -76.82 -90.34 13.52 
4-methyl-l-pentene 126.48 132.29 -5.81 ltJ7 7 ~ 1(,') "01 I ,~I 

cis-4-methyl-2-pentene -57.49 -55.44 -2.05 133.55 134.13 -058 '1' 14 11'1 \.I ' 1.1 

trans-4-methyl-2-pentene -61 50 -6029 -1.21 141.42 142.16 -074 II!H .'H \ ,,) .'1{ 'Iltl 

cis -2,2-dimethyl-
3-hexene -89.29 -91.59 2.30 
trans-2.2-dimethyl-
3-hexene -107.65 -108.83 1.18 
2,3-dimethyl-l-butene -62.38 -64.73 2.35 14347 141 It, '11 1/,' t,' 1", ,-, 

2,3-dimethyl-2-butene 12360 1 II I.' 11-, I It" /, l '/' ',. 

2,4-dimethyl-l-pentene -83.81 -85.15 1.34 

2,4-dimethyl-2-pentene -88.70 -99.25 10 55 
3,3-dimethyl-I-butene -60.67 -55.69 -49X 1.'1, ·111 1'(, ,. 11111 I.' I '.' , 
cis -4,4-dimethyl-

2-pentene -72.63 -7071 ) 'I) 

trans -4,4-dimethyl-
2-pentene -887X X7 II') I) II \ 

2,3,3-trimethyl-
I-butene X54X 112 II) /,(1) 
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TABLE 15. Substituted alkene hydrocarbons in the gas state at 298.15 K - Continued 

Name t1rHO(kJ Imol) C/(J/mol·K) SO(J/mol·K) N(tot) 

expt calc resd expt calc resd expt calc resd 

2,4,4-trimethyl-
I-pentene -110.37 -116.20 5.83 
2,4,4-trimethyl-
2-pentene -104.89 -126.91 22.02 
2-methyl-3-ethyl-
l-pentene -100.29 -101.47 1.18 
3-methyl-2-ethyl· 
I-butene -79.54 -83.35 3.81 
2-methyI-l,3-butadiene 75.44 73.18 2.26 104.60 104.60 0.00 315.64 315.64 0.00 

3-methyl-t,2-butadiene 105.44 103.80 1.64 319.66 321.57 -1.91 18 

TABLE 16. Substituted alkene hydrocarbons in the liquid state at 298.15 K 

Name t1rHO(kJ/mol) Cp ° (J/mol.K) SO(J/mo}·K) 

expt calc resd expt calc resd expt calc resd 

2-methylpropene -34.31 124.55 
2-methyl-l-butene -61.13 -60.04 1.09 157.19 153.84 3.35 253.97 254.63 -0.66 
2-methyl-t.pentene -89.96 -87.95 -2.01 
2-methyl-2-butene -68.58 -76.98 8.40 152.80 157.26 -4.46 251.04 248.65 2.39 
2-t:l.hy l-l-buhmt: -87.11 -85.77 -1.34 

3-methyl-l-butene -51.38 -51.80 0.42 156.06 156.05 0.01 253.30 253.30 0.00 
3-methyl-t-pentene -78.16 -77.53 -0.63 
cis -3-methyl-.2-pentene -94.47 -95.26 0.79 

trans-3-methyl-2-pentene - 94.56 -100.53 5.97 
cis-4-methyl-l-pentene -87.03 -84.84 -2.19 

trans 4-methyl-2·pentene - 91.55 -90.11 -1.44 
3-methyl·cis-3-hexene -115.94 120.99 5.05 
3-methyl-trans-3-hexene -112.72 -126.26 13.54 
cis -2,2-dimethyl-

3-hcxcnc -126.44 -128.97 2.53 

trans-2.2-dimethyl-
3-hexene -144.93 -146.45 1.52 

l,3-dimothyl-l-butcnc 92.63 93.118 0.85 

2,3-dimethyl-l-butene -101.46 -120.84 19.38 174.68 192.36 -17.68 270.20 273.54 -3.34 
2,4-dimethyl-t-pentene -116.98 -118.96 1.98 
2,4-dimethyl-2-pentene -123.09 -133.97 10.88 

3,3-dimethyl-l-butene -87.40 -82.41 -4.99 191.17 191.15 0.02 256.50 256.47 0.03 
cis .4,4-dimethyl-

2-pentene -105.31 103.24 -2.07 
tranS' -4,Ldimethyl. 

2·pentene -121.71 120.72 -0.99 
cis ·2,S·dimethyl· 

3-hexene -151.04 -141.83 -9.21 
trnm .2,5.dimethyl. 

3·hexene -159.24 -147.10 -12.14 

2,3,3-trimethyl· 
t·butene -117.70 124.09 6.39 

2,4,4-trimethyl. 
l·pentene -146.15 -152.62 6.47 240.20 237.04 3.16 311.71 322.58 -10.87 

2,4,4-trimethyl. 
2.pentene -142.42 -164.5& 22.16 

2·methyl.3·ethyl-
I-pentene -136.36 -140.58 4.22 

3-methyl-2-ethyl· 
l.butene -114.06 -117.03 2.97 
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TABLE 16. Substituted alkene hydrocarbons III the bqUld state at 298.15 K - Continued 

Name ~fHO(kJ/mol) Cp O(J/mol·K) SO(J/mol.K) 

expt calc resd expt calc resd expt calc resd 

2-methyl-I,3-butadiene 48.49 46.31 2.18 151.08 151.08 0.00 228.28 227.06 1.22 
3-methyl-I,2-butadiene 101 17 96.01 5.16 152.42 154.59 -2.17 231.79 237.35 -556 
2,3-dimethyl-I,3-

butadiene 14.14 4.76 9.38 

TABLE 17. Substituted alkene hydrocarbons m the sohd state at 298.15 K 

Name ~fHO(kJ/mol) Cp O(J/mol·K) SO(J/mo)·K) 
expt n::sll n:::sll I,;(:llt.; n::sll 

2-methylpropene -38.08 
2-methyl-I-butene -69.04 -64.77 -4.27 
2-methyl-2-butene -76.44 -86.45 10.01 

3-methyl-I-butene -56.74 -56.74 0.00 
2,3-dimethyl-2-butene -111.13 -130.38 19.25 

3,3-dimethyl-I-butene -92.84 -92.85 0.01 
2,4,4-trimethyl-

l-pentene -154.89 -158.83 3.94 
2,4,4-trimethyl-

2-pentene -149.16 -180.47 31.31 
2-methyl-I,3-butadiene 43.56 41.22 2.34 
3-methyl-I,2-butadiene 93.22 88.32 4.90 

TABLE 18. Alkyne h~drocarbons in the gas state at 298.15 K 

Name ~fHO(kJ/mol) Cp °(J/mol·K) SO(J/mol·K) N(tot) 
expt calc resd expt calc resd expt calc resd 

acetylene 228.24 227.00 1.24 43.93 4510 1.17 200.83 198.16 2.67 2 
propyne 184.93 186.34 -1.41 60.67 61.50 -0.83 248.11 246.47 1.64 3 
1-hntyne 16513 16664 -1.41 81.42 82.47 -1.05 29083 289.27 1.56 3 
I-pentyne 146.01 106.69 105.36 1.33 329.78 328.43 I 35 3 
l-hexyne 125.38 128.24 128.25 -0.01 368.74 367.59 I 15 3 

l-heptyne 104.75 1510l~ 151.14 -006 407 69 40675 o ()4 3 
l-octyne 84.12 173.97 174.03 -0.06 44664 44591 073 3 
l-nonyne 63.49 196.82 196.92 -0.10 48560 48507 053 
l-decyne 42.86 219.70 219.81 -0.11 52451 52423 028 3 
I-hexadecyne -80.92 356.94 357.15 -0.21 75822 759 \9 - 097 3 

2-butyne 145.69 145.68 0.01 77.95 77.90 005 2tD 30 28325 005 18 
2-pentyne 128.87 125.98 2.89 9870 98.87 -017 331 79 331 81 -002 9 
3-methyl-l-butyne 136.40 136.40 0.00 104.68 10468 000 31895 31896 -001 9 
l-buten-3-yne 7318 73 18 000 27937 27938 ·-001 2 
cis -3-penten-I-yne 25355 262.11 -8.56 

trans -3-penten-I-yne 254.89 25726 -2.37 
cis-3-decen-I-yne 151.67 158.71 -704 
trans-3-decen-l-yne 154.60 15386 0.74 
butadiyne 7364 7364 000 25004 250.04 0.00 2 
I,S-hexadiyne 416.06 416.06 000 
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Name 

I-butyne 
2-butyne 
cis-3-penten-l-yne 
trans -3-penten-l-yne 
1-octene-3-yne 

cis-3-decen-l-yne 
trans -3-decen-l-yne 
1,S-hexadiyne 
1,7-oetadiyne 
3,9-dodecadiyne 

5,7 -dodecadiyne 
3,3-dimethyl-l-butyne 
3,3-dimethylpenta-

1,4-diyne 
3,3,6,6-tt::tcamt::thy 1-

oeta-l, 7 -diyne 

Name 

I-butyne 
2-butyne 

Name 

benzene 
toluene 
1,2-dimethylbenzene 

(o-xylene) 
1,3-dimethylbenzene 

(m-xylene) 
1,4-dimethylbenzene 

(p-xylene) 

1,2,3-trimethylbenzene 
1,2,4-trimethylbenzene 
1,3,S-trimethylbenzene 
1,2,3,4-tetramethyl 

benzene 
1,2,3,5-tetramethyl-

benzene 

1,l,4,5-tetramethYI-
benzene 

pentamethylbenzene 
hexamethylbenzene 
ethylbenzene 
propylbenzene 

E. S. DOMALSKI AND E. D. HEARING 

TABLE 19. Alkyne hydrocarbons in the liquid state at 298.15 K 

arHO(kJ/mol) Cp O(J/mol·K) SO(J/mol·K) 
expt calc resd expt calc resd expt 

141.88 141.88 0.00 132.42 132.42 0.00 197.48 
119.08 119.08 0.00 124.14 124.14 0.00 195.10 
226.48 230.13 -3.65 
228.15 224.86 3.29 
140.71 144.65 -3.94 

99.20 101.48 -2.28 
100.46 96.21 4.25 
384.17 ~84.16 0.01 
334.43 327.52 6.91 
197.82 193.40 442 

181.50 181.50 0.00 
78.45 78.45 0.00 

348.69 348.69 0.00 

211.08 209.44 1.64 

TABLE 20. Alkyne hydrocarbons in the solId state at 298.15 K 

arHO(kJ/mol) 
expt 

135.85 
109.85 

calc 

135.85 
109.84 

resd 

0.00 
0.01 

Cp ° (J/mo}·K) 
expt calc resd expt 

TABLE 21. Aromatic hydrocarbons in the gas state at 298.15 K 

Il.fH·~kJ/mol) Cp "V I rnol· 1'\.) 

expt calc resd expt calc resd expt 

82.89 82.86 0.03 81.67 81.66 0.01 269.20 
50.17 50.43 -0.26 103.64 103.53 0.11 320.66 
19.08 19.26 -0.18 133.26 131.80 1.46 352.75 

17.32 17.37 -0.05 127.57 126.11 1.46 357.69 

18.03 18.00 0.03 126.86 125.40 1.46 352.42 

-9.46 -12.54 3.08 154.18 160.78 -6.60 384.84 
-13.85 -13.80 -0.05 154.01 154.38 -0.37 395.76 
-15.94 -16.32 0.38 150.25 149.40 0.85 385.30 

189.58 189.76 -0.18 416.52 

185.73 183.36 2.37 422.54 

186.52 183.36 3.16 418.53 
216.48 219.45 -2.97 443.88 

-86.82 107.31 20.49 248.61 254.83 -6.22 452.37 
29.92 29.09 0.83 128.41 129.14 -0.73 360.45 

7.91 8.46 -0.55 152.34 152.03 0.31 400.66 

calc 

197.48 
195.10 

SO(J/mol·K) 
calc 

~·~J/rnol·K) 

calc 

269.20 
318.36 
350.13 

352.63 

352.63 

381.89 
390.16 
377.76 

413.66 

416.16 

410.40 
445.47 
459.79 
360.95 
400.11 
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resd 

0.00 
0.00 

resd 

N(tot) 

resd 

0.00 12 
2.30 6 
2.62 18 

5.06 18 

-0.21 18 

2.95 54 
5.60 27 
7.54 162 

2.86 162 

6.38 162 

8.13 324 
-1.54 486 
-7.42 8,748 
-0.50 (j 

0.55 6 
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Name 

butylbenzene 
pentylbenzene 
hexylbenzene 
heptylbenzene 
octylbenzene 

nonylbenzene 
decylbenzene 
undecylbenzene 
dodecylbenzene 
I-methyl-2-ethylbenzene 

I-metbYI-3-ethylbenzene 
I-methYI-4-etbylbenzene 
1,4-diethylbenzene 
1,2,3-triethylbenzene 
1,2,4-triethylbenzene 

1,3,S-trietbylbenzene 
pentaethylbenzene 
bexaethylbenzene 
isopropylbenzene 
sec-butylbenzene 

isobutylbenzene 
t-butylbenzene 
styrene 
o-methylstyrene 
m-methylstyrene 

p-methylstyrene 
l-isopropenylbenzene 
(a-methylstyrene) 
cis -l-propenylbenzene 
(cis -j3-methylstyrene) 
trans -l-propenylbenzene 
(trans-j3-methylstyrene) 
t.:thy oy Ibt:II:t.t:Ilt: 

1,1-diphenylethylene 
cis -stilbene 
trans -stilbene 
diphenylmethane 
1,2-diphenylethane 

biphenyl 
naphthalene 
I-methylnaphthalene 
2-methylnaphthalene 
l-ethylnaphthalene 

2-ethylnapbtbalene 
I-propylnaphthalene 
2-propylnaphthalene 
I-butylnaphtbalene 
2-butylnaphthalene 

I-pentylnaphthalene 
2-pentylnaphtbalene 
1,2-dimethylnaphthalene 
1,3-dimetbylnaphthalene 
1,4-dimethylnaphthalene 

TABLE 21. AromatIc hydrocarbons m the gas state at 298 15 K - Contmued 

expt 

-13.05 

1.30 

-1.80 
-3.18 

4.02 
-17 36 

-21.51 
-2259 
14782 

112.97 

calc 

-12.17 

-2.08 

-3.97 
-3.34 

-0.87 
--;19.24 

-18.86 
-22.59 
147.82 

112.97 

327.6.5 327.48 

245.64 245.64 
252.34 247.85 
236.14 243.00 
138.95 138.95 
142.93 14270 

181.42 
150.29 
113.51 
110.54 

181.42 
150.68 
11825 
118.25 

resd 

-0.88 

3.38 

2.17 
0.16 

4.89 
1.88 

-2.65 
0.00 
0.00 

0.00 

0.17 

0.00 
4.49 

-6.86 
0.00 
0.23 

0.00 
-0.39 
-4.74 
-7.71 

expt 

175.10 
197.99 
220.87 
24372 
26660 

289.45 
312 34 
335.22 
358.07 

15154 
17615 
228.11 
227.94 

224.18 
33970 
396 48 
151 71 

12209 
145.18 
14518 

145.18 

145 18 

145.18 

146.02 
11489 

162.34 
132.55 
159.54 
159.79 
184.18 

18443 
208 II 
208.36 
230.87 
231.12 

25376 
25401 
184.85 
185.10 
18485 

Cp °(J/mol.K) 

calc 

17492 
197.81 
220.70 
24359 
26648 

289.37 
312.26 
335.15 
35804 

151.01 
176.62 
23761 
231.21 

resd 

0.18 
018 
017 
013 
0.12 

0.08 
0.08 
0.07 
0.03 

053 
-0.47 
-9.50 
-327 

-205 
-7.80 

226.23 
347.50 
408.49 
151.71 

-12.01 

12209 
15036 
144.67 

14396 

145.18 

137.15 

145.18 
114.89 

16234 
13254 
159.53 
15953 
185.14 

0.00 

0.00 
-5.18 

0.51 

1.22 

0.00 

8.03 

084 
0.00 

0.00 
0.01 
0.01 
0.26 

-0.96 

185.14 -071 
20803 008 
20803 033 
23092 -005 
23092 020 

25381 
25381 
18558 
185.58 
18558 

-005 
0.20 

-0.73 
-048 
-0.73 

expt 

439.49 
478.94 
517.90 
556.85 
59580 

634.75 
67371 
712.62 
751 57 

398.90 
43401 
50723 
518 15 

507.69 
64789 
697.14 
388.57 

345.10 
383.67 
389.53 

383.67 

383.67 

383.67 

380.33 
321.67 

392.67 
33564 
377 44 
38003 
418 15 

42074 
45X 36 
46099 
497 18 
49982 

536.64 
53928 
40681 
409.45 
40108 

S°(J/mol·K) 

calc 

439.27 
478.43 
517.59 
556.75 
59591 

635.07 
674.23 
713.39 
752.55 

395.22 
437.81 
509.66 
517.93 

505.53 
65837 
715.33 
388.55 

34520 
382.73 
385.23 

379.46 

383.67 

385.97 

380.91 
321.67 

39267 
33563 
377 75 
377 75 
42034 

42034 
45950 
45950 
49866 
49866 

53782 
53782 
409.01 
409.01 
403.25 

resd 

0.22 
0.51 
0.31 
010 

-0.11 

-032 
-052 
-0.77 
-0.98 

3.68 
-3.80 
-2.43 

0.22 

-2.16 
-10.48 
-18.19 

0.02 

-0.10 
0.94 
4.30 

421 

0.00 

-230 

-0.58 
000 

000 
001 

-031 
228 

-219 

040 
-1.14 

149 
-1.48 

1.16 

-1.18 
1.46 

-2.20 
044 

-2.17 

N(tot) 

6 
6 
6 
6 
6 

6 
6 
6 
6 

18 
18 
54 
27 

162 
486 

8,748 
18 

2 

6 

6 

6 

6 
2 

4 

9 
9 

18 
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TABLE 21. Aromatic hydrocarbons in the gas state at 298.15 K - Continued 

Name arHO(kJ/mol) Cp O(J/mol.K) SO(J/mol·K) N(tot) 

expt calc resd expt calc resd expt calc resd 

1,5-dimethylnaphthalene 184.85 185.58 -0.73 401.08 409.01 -7.93 9 
1,6-dimethylnaphthalene 185.10 185.58 -0.48 409.45 409.01 0.44 9 
1,7 -dimethylnaphthalene 185.10 185.58 -0.48 409.45 409.01 0.44 9 
1,8-dimethylnaphthalene 108.66 85.82 22.84 
2,3-dimethylnaphthalene 185.81 185.58 0.23 410.95 403.25 7.70 18 

2,6-dimethylnaphthalene 187.07 185.58 1.49 408.69 409.01 -0.32 9 
2,7 -dimethylnaphthalene 187.07 185.58 1.49 408.69 403.25 5.44 18 
2-ethyl-3-methyl-

naphthalene 210.46 211.19 -0.73 457.44 451.60 5.84 9 
2-ethyl-6-methyl-

na.phtha.lene 71171 711.1Q 052 455.18 451.60 3.58 9 

2-ethyl-7-methyl-
naphthalene 211.71 211.19 0.52 455.18 451.60 3.58 9 

anthracene 230.91 218.50 12.41 
naphthacene 291.42 286.32 5.10 
phenanthrene 207.48 210.30 -2.82 
triphenylene 274.18 269.92 4.26 
chrvsene 269.78 269.92 -0.14 

pyrene 225.68 225.68 0.00 
1,2-benzanthracene 294.14 278.12 16.02 

TABLE 22. AromatIc hydrocarbons in the liquid state at 298.15 K 

Name arHO(kJ/mol) Cp O(J/mol·K) SO(J/mol.K) 
expt calc resd expt calc resd expt calc resd 

benzene 48.95 48.96 -0.01 136.06 . 136.08 -0.02 173.26 173.22 0.04 
toluene 12.38 12.35 0.03 157.23 159.98 -2.75 220.96 208.15 12.81 
1,2-dimethylbenzene -24.35 -21.00 -3.35 187.82 187.38 0.44 246.02 243.08 2.94 

(o-xylene) 

1,3-dimethylbenzene -25.36 -24.26 1.10 183.18 183.88 -0.70 253.80 243.08 10.72 
(m-xylene) 

1,4-dimethylbenzene -24.35 -24.26 -0.09 183.76 183.88 -0.12 243.51 243.08 0.43 
(p-xylene) 

1,2,3-trimethylbenzene -58.53 -54.35 -4.18 216.44 214.78 1.66 267.94 278.01 -10.07 
1,2,4-trimethylbenzene -61.80 -57.61 -4.19 214.97 211.28 3.69 283.38 278.01 5.37 
1,3,S-trimctbylbcnzcnc -63.43 -60.87 -2.56 209.53 207.78 1.75 273.55 278.01 -4.46 

1,2,3,4-tetramethyl-
benzene -90.21 -87.70 -2.51 235.98 242.18 -6.20 290.79 312.94 -22.15 

1,2,3,5-tetramethyl-
benzene -96.36 -90.96 -5.40 240.16 238.68 1.48 310.03 312.94 -2.91 

1,2,4,S-tetramethyl-
benzene -98.99 -90.96 -8.03 

pentamethylbenzene -122.97 -121.05 -1.92 
hexamethylbenzene -139.14 -151.14 12.00 
ethylbenzene -12.34 -12.46 0.12 185.81 182.88 2.93 255.01 255.55 -0.54 
propylbenzene -38.33 -38.19 -0.14 214.72 213.30 1.42 287.78 287.93 -0.15 

butylbenzene -63.18 -63.92 0.74 243.34 243.72 -0.38 321.21 320.31 0.90 
I-methyl-2-ethylbenzene -46.40 -45.81 -0.59 
I-methyl-3-ethylbenzene -48.70 -49.07 0.37 
I-methyl-4-ethylbenzene -49.79 -49.07 -0.72 
I-methyl-2-propylbenzene - 72.47 -71.54 -0.93 
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TABLE 22. Aromattc hydrocarbons In the hquid state at 298.15 K - Continued 

Name arHO(kJ/mol) Cp O(J/mol·K) SO(J/mol·K) 

expt calc resd expt calc resd expt calc resd 

l-methyl-3-propylbenzene - 76.23 -74.80 -1.43 
l-methyl-4-propylbenzene -75.06 -74.80 -0.26 
I-methyl-

2-isopropylbenzene -7330 -78.79 5.49 
l-methyl-

3-isopropylbenzene -78.62 -82.05 3.43 
l-methyl-

4-isopropylbenzene -78.03 -82.05 4.02 236.40 237.86 -1.46 306.69 312.48 -5.79 

3-ethyl-I,2-
dimethylbenzene -80.50 -79.16 1.34 

4-ethyl-l,2-
dimethylbenzene -86.02 -82.42 -3.60 

2-ethyl-l,3-
dimethylbenzene -80.12 -79.16 -0.96 

4-ethyl-l,3-
dimethylbenzene -84.10 -82.42 1.68 

5-ethyl-l,3-
dimethylbenzene -87.78 -85.68 -2.10 

2-ethyl-I,4-
dimethylbenzene -84.81 -82.42 -2.39 

1,2-diethylbenzene -68.49 -70.62 2.13 
1,3-diethylbenzene -73.51 -73.88 0.37 
1,4-diethylbenzene -72.84 -73.88 1.04 
isopropylbenzene -41.13 -45.44 4.31 215.40 213.96 1.44 277.57 277.55 0.02 

(l-methylpropyl)benzene -66.40 -68.99 2.59 
(2-methylpropyl)benzene -69.79 -69.20 -0.59 
t-butylbenzene -70.71 -70.71 0.00 238.11 238.11 0.00 278.65 278.65 0.00 
styrene 103.85 103.85 0.00 182.88 182.90 -0.02 237.57 234.80 2.77 
isopropenylbenzene 70.46 70.46 0.00 
(a-methylstyrene) 

2-propenylbenzene 88.03 88.03 0.00 
(allylbenzene) 
l-methyl-2-propenyl-

benzene 56.07 56.07 0.00 
ethynylbenzene 283.47 283.39 0.08 
diphenylmethane 89.66 93.42 -3.76 279.91 279.91 0.00 301.67 301.67 0.00 
4-methyldiphenylmethane 61.55 56.81 4.74 

2,5-dimcthyl-

diphenylmethane 24.69 2346 1.23 
1,I-diphenylethane 48.66 48.66 0.00 294.97 294.98 -0.01 
l,l-diphenyldodecane 593.71 599.18 -5.47 684.92 684.92 0.00 
cis-stilbene 183.30 169.47 13.83 
l,l-diphenylethylene 172.42 172.42 0.00 299.16 299.15 0.01 

biphenyl 116.02 116.02 0.00 
2-methylbiphenyl 108.16 82.67 25.49 
3-methylbiphenyl 85.56 79.41 6.15 
isopropylbiphenyl 33849 \4) L) I Ii I 

naphthalene 96.94 96.94 0.00 

l-methylnaphthalene 56.19 60.33 -414 ) )., \'1 "\ I '11111 ' t : 

2-methylnaphthalene 62.58 6033 225 
1,8-dimethylnaphthalene 41.76 2372 IX 04 
anthracene 15857 14492 1 \ II" 
phenanthrene 13287 I \h )/1 \ \'1 

triphenylene 176 'i.) I'" "1- Il'l\ 

pyrene 1·1\ 1\ 1.11 I' 11111 
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TABLE 23. Aromatic hydrocarbons in the solid state at 298.15 K 

Name ~fHO(kJ/mol) Cp O(J/mol·K) SO(J/mol·K) 
expt calc resd expt calc resd expt calc resd 

benzene 39.08 39.18 -0.10 120.79 120.78 0.01 136.48 136.50 -0.02 
toluene 5.73 -0.19 5.92 
1,2-dimetbylbenzene -37.95 -34.56 -3.39 

(o-xylene) 
1,3-dimethylbenzene -36.90 -37.56 0.66 

(m-xylene) 
1,4-dimethylbenzene -41.46 -39.56 -1.90 

(p-xylene) 

1,2,3-trimethylbenzene -68.70 -66.93 -1.77 
1,2,4-trimethylbenzene -74.98 -71.93 -3.05 
1,3,5-trimethylbenzene -72.93 -72.93 0.00 
1,Z,3,4-tetrametbyl 

benzene -101.42 -99.30 -2.12 

1,2,3,5-tetramethyl-
benzene -109.29 -104.30 -4.99 

1,2,4,5-tetramethyl-
benzene 119.87 -104.30 -15.57 220.08 217.02 3.06 245.60 250.26 -4.66 

pentamethylbenzene -133.64 -129.67 -3.97 270.29 241.08 29.21 294.14 278.70 15.44 
hexamethylbenzene -161.54 -157.04 -4.50 245.64 265.14 -19.50 306.31 307.14 -0.83 
ethylbenzene -21.51 -22.29 0.78 

propylbenzene -56.11 -51.70 -4.41 
butylbenzene -74.39 -81.11 6.72 
I-methyl-

4-isopropylbenzene -87.70 -94.48 6.78 
isopropylbenzene -48.45 -55.11 6.66 
t-butylbenzene -79.12 -79.12 0.00 

styrene 92.88 92.88 0.00 
diphenylmethane 71.46 71.66 -0.20 223.84 223.84 0.00 239.32 239.35 -0.03 
trans -stilbene 136.94 140.90 -3.96 232.63 232.60 0.03 251.04 251.00 0.04 
1,2-diphenylethane 51.55 48.90 2.65 253.55 253.54 0.01 270.29 270.30 -0.01 
triphenylmethane 295.81 295.81 0.00 312.13 312.13 0.00 

tetraphenylmethane 368.19 368.30 -0.11 
1,1,2-triphenylethane 319.66 325.10 -5.44 
l,l,l-triphenylethane 316.73 339.45 -22.72 
1,1,1,2-tetraphenylethane 395.39 398.77 -3.38 
1,1,2,2-tetraphenylethane 396.64 396.66 -0.02 

pentaphenylethane 473.63 470.33 3.30 
tripbenyletbylene 309.20 310.10 -0.90 
diphenylacetylene 312.40 312.00 0.40 225.90 225.90 0.00 
biphenyl 99.37 99.36 0.01 197.90 197.86 0.04 205.85 215.50 -9.65 
4-methylbiphenyl 55.44 59.99 -4.55 

4,4'-dimethylbiphenyl 14.14 20.62 -6.48 
o~terphenyl 274.34 274.94 -0.60 298.82 294.50 4.32 
1,3,S-triphenylbenzene 358.32 352.02 6.30 367.36 373.50 -6.14 
naphthalene 77.90 80.44 -2.54 165.69 165.64 0.05 167.40 170.00 -2.60 
I-metbylnaphthalene 44.27 41.07 3.20 

2-methylnaphthalene 44.85 41.07 3.78 195.98 189.70 6.28 219.99 198.44 21.55 
1,8-dimethylnaphthalene 25.94 1.70 24.24 242.80 213.76 29.04 224.72 226.88 -2.16 
2,3-dimethylnaphthalene -0.23 1.70 -1.93 
2,6-dimethylnaphthalene -5.69 1.70 -7.39 203.55 213.76 -10.21 227.86 226.88 0.98 
tetraphenylethylene 311.50 311.48 0.02 387.60 387.60 0.00 

2,7-dimethylnaphthalene -5.40 1.70 7.10 204.39 213.76 -9.37 228.57 226.88 1.69 
anthracene 129.20 121.70 7.50 210.50 210.50 0.00 207.15 203.50 3.65 
naphthacene 158.78 162.96 -4.18 236.56 255.36 -18.80 215.39 237.00 -21.61 
phenanthrene 116.20 117.50 -1.30 220.62 217.44 3.18 215.06 219.50 -4.44 
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Name 

triphenylene 
fluoranthene 
pyrene 
perylene 

coronene 

Name 

cyclopropane 
cyclobutane 
cyclopentane 
cyclohexane 
cycloheptane 

cyclooctane 
cyclononane 
cyclodecane 
cycloundecane 
cyclododecane 

cyclotridecane 
cyclotetradecane 
cyclopentadecane 
cyclohexadecane 
cycloheptadecane 

cyclopropene 
cyclobutene 
cyclopentene 
cyclohexene 
cycloheptene 

cyclooctene 
1,3-cyclopentadiene 
1,3-cyclohexadiene 
1.3-cycloheptadiene 
1,5-cyclooctadiene 

I,3,5-cyclo-
heptatriene 

cyclooctatetraene 
spiropentane 
methylenecyclobutane 
ethylcyclobutane 

methylcyclopentane 
methylenecyclopentane 
I,I-dimethyl-

cyclopentane 
trans -1,2-dimethyl

cyclopentane 
trans -1,3-dimethyl

cyclopentane 

TABLE 23. AromatIc hydrocarbons In the solid state at 298.15 K - Continued 

expt 

151.80 
23025 
125.48 

.!lrHO(kJ/mol) 

calc resd 

154.56 -276 
234.68 -4.43 
125.58 -0.10 

expt 

259.20 
230.58 
227.65 
274.93 

313.76 

Cp ° (J/mol·K) 

calc resd 

269.24 -10.04 
236.50 -5.92 
226.50 1.15 
285.24 -10.31 

303.36 10.40 

expt 

254.68 

224.89 
264.55 

S°(J/mol·K) 

calc resd 

269.00 -14.32 

217.50 7.39 
283.00 -18.45 

280.87 279.00 1.87 

TABLE 24. Cycloalkane and related hydrocarbons in the gas state at 298.15 K 

.!lrH° (kJ/mol) 
expt calc resd 

53.26 
28.37 

-76.40 

53.26 
28.37 

-76.40 
-123.39 -123.39 
-IPW7 -118.07 

-124.39 - 124.39 
-132.76 -132.76 
-162.67 -162.67 
-179.37 -179.37 
- 230.25 - 230.25 

-246.35 -246.35 
-239.24 -239.24 
-301.42 -301.42 
-321.67 -321.67 
- 364.30 - 364.30 

277.06 
156.69 

34.56 
-5.02 
-9.20 

277.06 
156.69 

34.56 
-5.02 
-9.20 

-26.99 -26.99 
134.35 134.35 
106.23 106.23 
94.35 94.35 
71.34 71.34 

180.87 180.87 
295.85 295.85 
185.18 185.18 
121.55 119.46 

-26.32 -15.06 

-106.20 -101.46 
12.01 14.19 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
2.09 

11.26 

-4.74 
-2.18 

-138.24 -130.21 -8.03 

-136.65 -126.52 -10 13 

- 133.55 - 126.52 - 7.03 

Cp O(J/mol.K) 
expt calc resd 

55.94 
72.22 
83.01 

106.27 
123.09 

139.95 

67.07 

75.10 
105.02 

117.78 
122.01 
88.12 

10979 

13330 

134.47 

134.47 

55.94 
72.22 
83.01 

106.27 
123.09 

139.95 

67.07 

75.10 
105.02 

117.78 
122.01 
8812 

10950 

131.68 

132.42 

132.42 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

000 
000 
000 

029 

1.62 

2.05 

2.05 

SO(J/mol.K) 
expt calc resd 

237.44 237.44 
265.39 265.39 
292.88 292.88 
298.24 298.24 
342.33 342.33 

366.77 366.77 

263.51 263 51 

289.66 289.66 
310.75 310.75 

315.64 315.64 
326.77 326.77 
28221 282.21 

339.91 339.62 

359 28 356.15 

366.81 359.28 

366.81 359.28 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.29 

3.13 

7.53 

7.53 

N(tot) 

6 
8 

10 
6 
2 

8 

2 

2 
2 

2 
4 
4 

3 

18 

18 

18 
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TABLE 24. Cycloalkane and related hydrocarbons III the gas state at 298.1S K.- Continued 

Name 

ethylcyclopentane 
propylcyclopentane 
butylcyclopentane 
pentylcyclopentane 
hexylcyclopentane 

heptylcyclopentane 
octylcyclopentane 
nonylcyclopentane 
decylcyclopentane 
I-methylcyclopentene 

3-methylcyclopentene 
4-methylcyclopentene 
l·ethylcyclopentene 
metbylcyclobcxoDc 
methylenecyciohexane 

expt calc resd 

-126.94 -119.83 -7.11 
-147.74 -140.46 -7.28 

-301.42 -284.87 -16.S5 
-3.81 0.12 -3.93 

7.36 
14.64 

-19.75 
154.72 

-25.23 

9.29 -1.93 
9.S0 5.14 

-20.76 1.01 
148.47 -6.27 

-32.80 7.57 

1,1-dimethylcyclohexane-180.87 -177.20 -3.67 
tranG.l,l.dimGthyl

cyclohexane 
trans-l,3-dimethyl

cyclohexane 
trans-l,4-dimethyl

cyclohexane 
ethylcyclohexane 

propylcyclohexane 
butylcyclohexane 
pentylcyclohexane 
dodecylcyclohexane 
I-methylcyciohexene 

-179.87 -173.51 -6.36 

-176.48 -173.51 -2.97 

-184.51 -173.51 -11.00 
-171.88 -166.82 -5.06 

-213.30 -208.08 -5.22 

-378.70 -373.12 -5.58 
-43.26 -41.72 -1.54 

l-ethylcyclohexene -63.43 -60.34 -3.09· 
bicyclo[2.2.2]octane -99.00 -99.00 0.00 
adamantane -134.60 -134.60 0.00 
bicyclo[3.3.3]undecane - 88.95 - 88.95 0.00 

expt 

131.75 
154.64 
177.49 
200.37 
223.22 

246.10 
268.99 
291.83 
314.72 
100.83 

100.00 
100.00 

135.02 

154.39 

158.99 

157.32 

157.74 
158.82 

184.22 
207.11 
229.95 

Cp O(J/mol.K) 

calc resd 

132.39 -0.64 
155.28 -0.64 
178.17 -0.68 
201.06 -0.69 
223.95 -0.73 

246.84 
269.73 
292.62 
315.51 
99.22 

109.72 
100.05 

137.44 

-0.74 
-0.74 
-0.79 
-0.79 

1.61 

-9.72 
-0.05 

-2.42 

159.62 -5.23 

160.36 -1.37 

160.36 -3.04 

160.36 -2.62 
160.33 -1.51 

183.22 
206.11 
229.00 

1.00 
1.00 
0.95 

expt 

SO(J/mol·K) 

calc 

378.32 378.78 
417.27 417.94 
456.22 457.10 
495.18 496.26 
534.13 535.42 

573.04 
611.99 
650.95 
689.90 
326.35 

330.54 
328.86 

343.34 

574.58 
613.74 
652.90 
692.06 
333.07 

328.38 
324.20 

344.36 

resd 

-0.46 
-0.67 
-0.88 
-1.08 
-1.29 

-1.54 
-1.75 
-1.95 
-2.16 
-6.72 

2.16 
4.66 

1.02 

365.01 366.65 -1.64 

370.91 369.78 1.13 

376.23 369.78 6.45 

382.58 383.S2 -0.94 

419.53 
458.48 
497.44 

422.68 
461.84 
501.00 

-3.15 
-3.36 
-3.56 

TABLE 25. Cycloalkanc and I-elated hydrocarboll:) iu tIn::: hyuiu :)t<1h::: <1t 298.15 K 

Name 

cyclobutane 
cyclopentane 
cyclohexane 
cycloheptane 
cyclooctane 

cyclononane 
cyclodecane 
cycloundecane 
cyclododecane 
cyclotridecane 

cyctopentene 
cyclohexene 
cyclooctene 
1,3-cyclopentadiene 
1,3-cyclohexadiene 

~fHO(kJ/mol) 

expt calc resd 

3.72 3.72 
- 105.06 - 105.06 
- 156.44 - 156.44 
-156.61 -156.61 
-167.74 -167.74 

-181.17 -181.17 
-206.69 -206.69 
-235.48 -235.48 
-306.65 -306.65 
-309.66 -309.66 

4.73 
-38.49 
-74.02 
105.98 
73.18 

4.73 
-38.49 
-74.02 
105.98 
73.18 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
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Cp O(J/moJ·K) 

expt calc resd 

111.003 

128.78 
156.31 
180.75 
215.48 

122.38 
148.36 

144.56 

111.00 
128.78 
156.31 
180.75 
215.48 

122.38 
148.36 

144.56 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

SO(J/moJ·K) 

expt calc resd 

181.00 3 181.00 
204.14 204.14 
204.35 204.35 
242.55 242.55 
262.00 262.00 

201.25 
214.60 

197.28 

201.25 
214.60 

197.28 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

N(tot) 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 

3 

9 

9 

9 

3 

3 
3 
3 



ESTIMATION OF THE THERMODYNAMIC PROPERTIES OF HYDROCARBONS 

TABLE 25. Cycloalkane and related hydrocarbons m the lIqUid state at 298.15 K - Contmued 

Name 

1,4-cyclohexadiene 
I,S-cyclooctadiene 
1,3,S-cyclo-

heptatriene 
cyclooctatetraene 
spiropentane 

methylenecyclobutane 
methylcyclobutane 
ethylcyclobutane 
methylcyclopentane 
methylenecyclopentane 

I,I-dimethyl
cyclopentane 

trans-l,2-dimetbyl-

expt 

30.29 

142.17 
254.51 
157.65 

93.85 
-44.48 
-58.95 

-20.08 

ArHO(kJ/mol) 

calc 

30.29 

142.17 
254.51 
157.65 

resd 

0.00 

0.00 
0.00 
0.00 

90.36 3.49 
-25.11 -19.37 
-48.66 -10.29 

-18.42 -166 

-172.05 -165.34 -6.71 

cyclopentane -171.21 -162.72 -8.49 
trans -1,3-dimethyl-

cyclopentane 168.07 162.72 -5.35 
etbylcyclopentane -163.43 -1::'37.44 -::'399 

ethylidenecyclopentane 

ethenylcyclopentane 
allylcyclopentane 
propylcyclopentane 
butylcyclopentane 
decylcyclopentane 

ll-cyclopentyl-

-34.81 -31.55 -3.26 

-188.82 -183.17 -5.65 

-367.31 -363.28 -4.03 

heneicosane -648.60 -647.23 -1.37 
bicyclopentyl 
I-methylcyclopentene -36.44 -34.77 -1.67 
3-methylcyclopentene -17.57 -24.35 6.78 
I-ethylcyclopentene -58.28 -60.50 2.22 

methylcyclohexane -190.08 -185.27 -4.81 
methylenecyclohexane - 61.30 - 69 80 8.50 
1,I-dimethylcyclohexane-218.74 -216.72 -2.02 
I,2-dimethylcyclohexane - 218.24 - 214.10 - 4.14 
1,3-dimethylcyclohexllDe-215.69 -214.10 -1.59 

1,4-dimethylcyclobexane-222.38 -21410 
etbylcyclobexane -212.13 -208.82 
11l1ylrydohpYllnl:' 

etbylidenecyclobexane 
propylcyclobexane 

hutylcyclohexane 
dodecylcyclohexane 
3-cyclohexyleicosane 
9-cyclohexyleicosane 
ll-cyclohexyl-

heneicosane 

13-cyclohexyl-
pentacosane 

I-methylcyclohexene 
l-ethylcyclohexene 
cis-hexahydroindan 
trans-hexahydroindan 

cis -decalin 
trans-decalin 

-26:\.09 -260.2R 
-467.56 -466.12 
-666.18 -672.88 
-674.13 -672.88 

-689.44 -698.61 

- 792.66 - 801.53 
-81 17 -80.17 

-10669 -103.72 
-173.10 -173.10 
-173.20 - 173.20 

-219.40 -219.40 
-230.60 -230.60 

-8.28 
-3.31 

-l.Rl 
-1.44 

6.70 
-1.25 

9.17 

887 
-100 
-297 

0.00 
0.00 

0.00 
0.00 

expt 

145.94 
208.11 

162.76 
185.18 
134.52 

131.13 

158.70 

187.36 

187.40 

185.31 

181 17 

202.92 
216.27 
245.35 

238.91 
153.10 

188.28 

184.51 
177.40 
209.24 
212.76 
212.84 

210.25 
211.79 
23347 

203.76 
242.04 

27104 

21418 
20970 

232.00 
228.49 

Cp O(J/mol·K) 

calc 

145.94 
208.11 

162.76 
185.18 
13452 

132.17 

155.25 

180.59 

resd 

0.00 
0.00 

0.00 
0.00 
0.00 

-1.04 

3.45 

6.77 

183.66 3.74 

186.64 -1.33 

182.66 -1.49 

202.00 .92 
217.06 -0.79 
247.48 -2.13 

239.48 -0.57 
157.48 -438 

186.77 1.51 

183.75 
175.22 
209.09 
211.19 
211.19 

211.19 
214.17 
229.53 

207.93 
244.59 

27<;01 

21418 
209.70 

232.00 
228.49 

0.76 
2.18 
0.15 
1.57 
1.65 

-0.94 
-2.38 

3.94 

-417 
-2.55 

-1 CJ7 

000 
000 

0.00 
0.00 

aObtamed from extrapolatIOn of ex penmen tal data of 53RA T laWI to 298.15 K. 

expt 

189.37 

SO(J/mol·K) 

calc 

189.37 
264.35 264.35 

214.64 21464 
220.29 220.29 
19368 19368 

210.20 20498 

247.78 245.58 

265.01 254.12 

269.90 272 61 

279.91 277 96 

310.83 310.34 
34384 342.72 

24790 24641 

267.23 25495 
27322 27344 
27627 2n 44 

26803 
28091 

311 H8 

\44 <)7 

265.47 
25886 

265.01 
264.93 

27344 
27879 

311 I7 

26547 
258.86 

265.01 
264.93 

resd 

0.00 
0.00 

0.00 
0.00 
0.00 

522 

2.20 

10 89 

-271 

195 

0.49 
112 

149 

12.28 
-022 

2 R3 

-541 
212 

071 

14') 

0.00 
000 

000 
0.00 
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TABLE 26. Cycloalkane and related hydrocarbons in the solid state at 298.15 K 

Name arHO(kJ/mol) Cp ° (J/mol.K) SO(J/mol·K) 
expt calc resd expt calc resd expt calc resd 

cyclopentane -113.05 -113.05 0.00 
cyclohexane -166.16 -166.16 0.00 
cyclododecane -306.65 -306.65 0.00 
cyclotetradecane -374.00 -374.00 0.00 
cyclopentadecane -376.06 -376.06 0.00 

cyclohexadecane -403.41 -403.42 0.00 
cycloheptadecane -430.41 -430.41 0.00 
decylcyclopentane -401.00 -401.05 -0.05 
dodecylcyclohexane -514.00 -512.98 -1.02 

2,2-metacyclophane 78.50 78.50 0.00 
2,2-metaparacyclophane 130.90 130.90 0.00 261.50 261.50 0.00 
2,2-paracyclophane 145.10 145.10 0.00 252.34 252.34 0.00 265.68 265.68 0.00 
3,3-paracyclophane 26.30 26.30 0.00 324.26 324.26 0.00 
bicyclo[2.2.2]octane 146.90 -146.90 0.00 

adQDlantanc 194.10 194.10 0.00 
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